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 Abstract 
Making Meaning with Word Problems  
By 
Kaitlyn Giovannoni Solnok 
Masters in Teaching Leadership 
Saint Mary’s College of California, 2020 
Chantal Mace, Research Advisor 
 
This action research project aimed to meet the mathematical needs of fourth grade students who 
were experiencing learning gaps in problem solving. The intervention described in this project 
reflects a social-learning, problem-posing education approach and relies on collaboration with 
peers. Additionally, the intervention challenges students to use growth mindset to reflect on their 
learning and group work in order to enhance future collaboration in mathematics. The findings of 
this project suggest that young learners who work in collaboration with their peers can progress 
in their ability to problem solve multi-step word problems. In addition, the data analysis shows 
while metacognition at this age is challenging and did not benefit group collaboration, young 
learners do value the use of growth mindset in persevering through difficult math concepts.  
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Chapter I 
Introduction 
Historically, word problems in mathematics have proven to be a difficult task for students to 
complete independently. Although educators teach students to visualize word problems as real-
life situations, drawing pictures to help them imagine how the numbers relate, students often 
struggle to conceptualize accurately which operation to choose and how the numbers will work 
together to solve the given problem (Hord & Xin, 2013). Throughout the country, the results of 
the Smarter Balanced Assessment Consortium (SBAC) test demonstrate that many fourth-
graders continue to miss the mark on problem-solving and reasoning skills (CAASPP, 2018). 
Students need more explicit instruction in conceptualizing the steps needed, rather than simply 
choosing the operation based on keywords or other similar strategies (Xin, 2019).  
When students are successful in lower mathematics, they are more likely to advance into 
higher-level courses, thus enabling them greater access into vital technology-driven fields that 
also require advanced mathematics skills (Sparks, 2018). While word problems remain an issue 
for both boy- and girl-identified learners in elementary schools across the country, students’ 
inability to solve word problems with confidence and accuracy limits success in higher 
mathematics (CAASPP, 2018; Sparks, 2018). Additionally, as much of the standardized testing 
now requires students to decode and solve multi-step math narratives, gaining a more basic 
foundation of problem-solving in these formative years will directly impact their progress and 
success in advanced courses later in their educational careers and professional paths (Sparks, 
2018). 
Although this study's aim was to reach all students who struggle with solving word 
problems in math, it also held notable implications particularly for girl-identified learners. The 
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technology profession will require these potential industry contributors to identify key 
information, visualize numerically, and solve accurately using advanced math abilities through 
collaboration as well as independently (Sparks, 2018).  As the technology industry grows and 
the need for highly qualified college graduates increases, the number of women represented in 
these industries remains approximately 20% (globally) compared to their male colleagues. The 
number of women entering computer science courses in middle school and high school is also 
staggeringly low: a mere 23% (Conway et al., 2018).  How might educators encourage more 
women to seek professions that require advanced math skills? While there may be a multitude 
of creative solutions to this issue, one area that will remain critical is the development of skills 
and confidence in solving word problems. As educators work with all students to improve their 
ability to break down challenging multi-step problems, girls especially will likely benefit, 
encouraging them to seek professions in science and engineering fields that require advanced 
math skills (Conway et al., 2018).   
Statement of the Problem 
According to the California Assessment for Student Performance and Progress 
(CAASPP), in 2018 only 22% of fourth-grade students in California tested proficient or higher 
on problem-solving and word problems. The word problem section of the CAASPP asks students 
to apply mathematical concepts (such as addition and multiplication) to real-world problems 
through visual models. Additionally, only 24% of fourth-graders expressed proficiency in 
communicating reasoning. Specifically, questions within the communicating reasoning section of 
the CAASPP measure students’ ability to explain their math strategies used to solve problems as 
well as critique others’ mathematical processes. The low proficiency rate demonstrated by 
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students in these two areas suggests a need for added research and support in helping students 
learn to apply their arithmetic skills in the context of word problems.  
In addition to being the action researcher of this study, I am also a fourth-grade teacher in 
an upper-middle-class suburban school with seven years of teaching experience within this grade 
level. During this study, I had 32 students, 30 who speak English as their first language, and two 
who were considered English-language learners (ELLs). Four of these students had 
individualized education plans (IEPs), three with math goals in problem-solving.  In my 
experience, most fourth-grade students demonstrated difficulty with completing word problems 
in math, particularly those involving more than one step. Throughout my teaching experience, I 
had tried to introduce the growth mindset approach to help students gain mental stamina to 
complete these types of math equations. A growth mindset approach is one in which students are 
taught to re-train their thought patterns to view challenges as opportunities for their abilities to 
grow and develop (Dweck, 2007). With problem-solving, it is critical for students to have the 
mental stamina to persevere through multiple steps and to go back and try more than once, as 
they often make errors in their conceptualization of the problem (Xin, 2019).  
Perhaps most profound is the low performance rates of students on the problem solving 
section of the CAASPP within a school typically recognized for its high assessment results. 
Specifically, while the students from the focus site showed significant mastery in concepts and 
procedures at 45% proficiency when assessed as fourth graders on the CAASPP (which is much 
higher than the state average of 29%), their scores in problem-solving remained low at only 29% 
mastery (CAASPP, 2018). These data suggest that even with strong arithmetic skills, students are 
still lacking the ability to apply these skills in word problems. To help alleviate this gap in 
achievement, students in my class began the 2019-2020 school year by learning several strategies 
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for tackling multi-step word problems. They were introduced to the Singapore Bar Model 
method in which they learned to conceptualize the story of the math problem through a part-part-
whole strategy. For this method, students identified the key people or items discussed, important 
numbers used, and began thinking about the unknown values. They developed a bar model that 
represented the whole (or the larger amount) with the longest bar. They then began filling in the 
"part-part" portions with other known numbers or variables to represent unknown values.  
Through this visualization method, students are taught to analyze what they know and the 
central questions of the problem to determine the operation needed (Xin, 2019). In many word 
problem-solving strategies, students focus on “keywords” rather than concepts which can 
become problematic when the keywords don’t follow the predictable patterns they’ve been 
trained to identify, such as “altogether” to denote addition or “difference” to signify subtraction. 
Although an effective strategy for less complicated word problems, focusing directly on a 
keyword approach can cause students to misjudge the required operation when the problem 
requires more of a backward solving strategy (Hord & Xin, 2013). Model methods teach students 
to think critically about the information provided and how the numbers connect within the part-
part-whole diagram, allowing them to visually identify which operation to choose for solving 
(Xin, 2019). 
In addition to the model method, students were introduced to the idea of collaborative 
group work and debriefing discussions (Howard et al., 2001; Jin & Kim, 2018; Sridharan et al., 
2019). Throughout the year, study participants practiced working together in groups of all sizes 
and abilities to complete shared tasks. In the culmination of these shared tasks, the class had 
spent significant time practicing collaborative discussions with the whole group to share their 
thinking and critique the process of their peers.  
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In addition, I have used the Singapore bar model method to teach students to solve 
challenging word problems by visualizing each step and operation in a part-part-whole 
process.  The Singapore bar model method is a strategy that guides students to sort key 
information in a part-part-whole diagram, thus allowing them to analyze which operations are 
necessary from a visual perspective, rather than from a “keyword” approach (Hord & Xin, 
2013).  
Nonetheless, neither of these strategies proved to be consistently effective in my 
classroom in helping students to independently decode which steps and operations were required 
in solving multi-step word problems. I was interested in trying a collaborative group work 
approach and metacognition, along with the Singapore bar model method and growth mindset, in 
daily practice to help students gain confidence and accuracy in breaking apart word problems 
and being able to successfully solve them independently. This research study provided an 
opportunity to solve multi-step word problems within collaborative small groups of students, in 
addition to a metacognitive debriefing session afterward as a whole class. I hoped this would 
help students learn to comprehend, decode, and solve these types of math problems more 
accurately when working independently. 
Purpose of the Research 
The purpose of the research study was to examine the effects of collaborative group work 
and metacognitive debriefing sessions on 32 fourth-graders’ abilities to problem solve. These 
students struggled with problem-solving when applying those skills to word problems. These 
more basic problem-solving skills students are expected to develop in elementary school will be 
necessary for success in higher math courses that lead to science and engineering jobs (Conway 
et al., 2018).  It is important for young students, especially girl-identified learners, to gain a 
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strong foundation of these skills in the primary grades to encourage more women to seek 
professions in the technology industry (Conway et al., 2018).  
Collaborative group work occurs when groups of students are brought together with a 
common purpose and goal which they are expected to work through together, through 
dialogue.  Vygotsky’s social learning theory (1987) implores that learning is best done in pairs or 
groups, as students share and transfer knowledge between expert and novice students, tapping 
into their zones of proximal development (ZPD) (Vygotsky, 1987). As educators begin to help 
students move towards independence in conceptualizing word problems, using Vygotsky’s ZPD 
theory (1987) as a framework to support young learners, word problems can become a shared 
task in which students negotiate their understanding and grow in their ability to identify key 
elements (Kuntz, McLaughlin, & Howard, 2001). The goal would be that once they begin 
working independently, the confidence and knowledge they developed in the collaborative 
setting will become abilities owned by each student individually as they use model methods to 
problem solve (Vygotsky, 1987).  
Although model methods and group work have separately been shown to support the 
development of mathematical skills in elementary-aged students, this inquiry aimed to explore 
whether the simultaneous implementation of both interventions would better scaffold the growth 
of students’ independent abilities to solve multi-step word problems (Howard et al., 2001; Jin & 
Kim, 2018; Sridharan et al., 2019). The intervention proposed began with a 20-minute 
collaborative group task in which students would use the Singapore Bar Model method as their 
strategy for problem-solving. This task was followed by a whole-class debriefing session which 
provided students the opportunity practice reflective learning, also known as metacognition. 
Metacognition in older students has proven to be effective in mathematics, but little research has 
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been completed in elementary-aged students (Jin & Kim, 2018). It was hoped that these 
interventions would meet the achievement gap that existed in concepts and problem-solving as 
reported by CAASPP in the 2018 testing window for students at this research site.   
A negotiation of steps, processes, and ideas is vital to the learning process as put forth by 
Vygotsky’s social learning theory (1987). He theorized that when learners work together in true 
collaboration, where one expert leads another novice student through a learning experience, the 
student will make significant gains in their understanding. The group work approach used in this 
study is rooted in Vygotsky’s beliefs and aimed to prove that problem-solving skills can improve 
when students work together (Vygotsky, 1987). In this inquiry, students were challenged to work 
in a variety of group mixings where they, at times, became the expert student. Other times, they 
were less experienced than those in their group. To assure student groupings remained fairly 
mixed and diverse, providing a variety of learning opportunities as either the novice or the 
expert, the groups were changed from session-to-session at random.   
Additionally, much research on metacognition has proven that when students are given 
an opportunity to examine their thinking and their learning process, they can better justify what 
worked while making changes to their approach when they are met with failure (Jin & Kim, 
2018; Sridharan et al., 2019). Metacognition is, simply put, thinking about one's thinking. Thus, 
through a whole-class debriefing session following problem-solving opportunities, students were 
given time to analyze the work done in the group. This analysis was shared with the whole group 
for other students to gain further ideas of alternative solving strategies or approaches. CAASPP 
(2018) reported a significant failure rate of students in the area of communicating reasoning 
which requires students to critique the mathematical processes of themselves and others. 
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Therefore, I hoped that explicitly teaching students to examine their thinking through 
metacognitive debriefing would support students' growth in this area.  
At the time of this research study, much of the research done on problem-solving in math 
focused on the implementation of a single strategy, such as the “model method” or “keyword” 
approaches (Xin, 2019; Hord & Xin, 2013). This study was different in that it combined the 
model method approach with collaboration as research suggested social learning encourages 
student academic growth as opposed to students working in isolation (Vygotsky, 1987). 
Furthermore, research in metacognition had been limited to higher education with older students 
(Jin & Kim, 2018). The work put forth in this study focused on the effects of metacognition in 
elementary students and the impact reflection could have on their learning in a socialized 
environment.  
This action research project was designed to investigate if fourth-grade students’ 
problem-solving and reasoning skills could be improved through collaboration and 
metacognition. Although these two interventions have been used throughout the school year in 
other areas of social learning, students implemented this approach as a new classroom procedure. 
Thus, the students previously had mastered (or at least sufficiently practiced) productive group 
work, being explicitly taught specific expectations and roles for which group work would occur 
in this classroom. Students were also typically experienced in sharing their thinking aloud with 
the class by demonstrating their mathematical knowledge on the board and receiving feedback 
from the class afterward.  
Additionally, students were previously exposed to the model method for solving word 
problems. Consequently, this particular strategy was only reviewed at this time, not 
taught.  These interventions were implemented into a new focus area: multi-step word problems. 
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Participants used their growing arithmetic skills in conjunction with collaborative conversation 
and metacognition to build upon their problem-solving and reasoning abilities. By the end of the 
study, the goal was for these students to be able to replicate these processes independently of 
their peers on independent tests. With a special focus on the female population within the context 
of this research project, fourth-grade girls would hopefully gain the confidence to work 
independently on problem-solving and continue to advance into higher courses to seek valuable 
technology-centered professions and increase their representation in this field.  
Action Research Questions 
This study examined whether the implementation of a collaborative, metacognitive 
approach to solving math word problems would support students’ ability to solve similar 
questions independently. Additionally, to support students’ growth and encourage more students 
to seek higher math courses that lead to science and engineering professions, the following 
research question was used as a guide for this project: How does a collaborative learning 
approach and reflection impact the ability of 4th-grade students to identify the steps needed to 
solve multi-step word problems? Does reflective learning support collaboration in elementary 
students? 
My hypothesis was that collaboration and reflective debriefing sessions would help 
students gain confidence in decoding and identifying the steps and methods needed to problem 
solve with mental stamina, especially when working independently. Additionally, I expected to 
see collaboration improve through self and peer reflections as students analyzed the success, or 
failure, of their group.  
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Limitations 
There were several limitations of this study that should be noted and which may have 
impacted the validity of the findings. First, the study occurred over a short time frame of eight 
weeks. This provided a relatively small amount of data in comparison to a more longitudinal 
study. Secondly, the sample size was also limited, with roughly 32 students participating. The 
data and subsequent analysis were thus based on a very small population of learners with specific 
needs and abilities. In addition, I served as both the teacher and researcher in this study which 
may have contributed to blind spots and or misjudgments in analyzing data. To explain, I may 
not have been able to isolate these findings from previously assessed abilities and my 
expectations of how students should have performed on assessments or in group work. Finally, 
the student demographics may have affected the overall outcomes demonstrated by the sample 
group and might not be replicated in other schools with different student populations. To explain, 
the higher than average tests scores and low rate of special populations (i.e. ELLs or students on 
IEPs) could have provided inaccurate results of the effectiveness of the intervention as students 
came into the study with greater ability than statistical averages seen across the nation, especially 
in the area of computation.  
Positionality of the Researcher 
I spent the first seven years of my teaching experience in a Title 1 school with 
predominantly Spanish speaking students who, despite their efforts and incredible potential, 
consistently fell below grade-level expectations in math and language arts. This research study, 
however, was conducted during my eighth year as an educator in which I had transferred to a 
new district with vastly different demographics and abilities. The majority of this new group of 
students was at grade level or higher in math. Only two of these students were considered 
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English language learners, and both tested proficient on their California English Language 
Development Test (CELDT).  The CAASPP test scores from the students’ third-grade year 
showed 60 % proficiency in math (CAASPP, 2018). Their high level of critical thinking skills, a 
different type of obstacle for me as an educator, was met with excitement for the opportunity to 
challenge them with more advanced word problems and math projects.  
I was reminded, however, once I began to acutely tune into each student’s individual 
needs, that although I wasn’t accustomed to working with so many high performing students, 
there were still a handful who fell below benchmark and would need accommodations and 
support to meet grade-level expectations. While my previous experience offered opportunities to 
develop interventions and accommodations for many struggling students, my prior experience 
was also a hindrance as I wrongly assumed all of my current students were proficient 
mathematicians. If I had not investigated further into their CAASPP (2018) scores, I would have 
miscalculated the proper implementation of scaffolds and accommodations needed to provide 
equal opportunity for the success of all learners, causing an even greater achievement gap within 
my classroom.  
As a teacher-researcher, I must be cautiously aware of my role in this project and the 
implications my presence could have on the collection and analysis of data. While much of the 
data for this study were quantitatively retrieved through quizzes graded on a four-point rubric, 
student metacognition was also analyzed through field notes and surveys of the debriefing 
sessions that occurred after collaborative work sessions. To assure accuracy in my analysis, 
students were also asked to reflect on their metacognition through daily self-assessments. By 
comparing their perspectives to my perceptions, I was able to confirm my thoughts and check for 
accuracy in the qualitative portion of my research. The use of triangulated data collection 
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techniques provided an added reassurance that the research observations were met with 
quantitative evidence to support my findings. I aimed to be as objective as possible in my data 
collection and analysis to reach valid understandings from the research project goals.  
Definitions of Terms 
Cooperative/collaborative learning. Collaborative learning is an educational approach 
to teaching and learning that involves groups of students working together to solve a problem, 
complete a task, or create a product (Kuntz, McLaughlin, & Howard, 2001).  
Metacognition. Awareness and understanding of one's own thought processes. (Jin & 
Kim, 2018). 
Model method. A visual math strategy utilizing part-part-whole bar diagrams that allows 
pupils to draw and visualize mathematical concepts to solve problems (Kaur, 2019). 
Social learning. Social learning based on observation is a complex process that involves 
three stages: exposure to the responses of others; acquisition of what an individual sees; and 
subsequent acceptance of the modeled acts as a guide for one’s own behavior (Vygotsky, 2017). 
Zone of proximal development (ZPD). The zone of proximal development refers to the 
difference between what a learner can do without help and what he or she can achieve with 
guidance and encouragement from a skilled partner (Vygotsky, 1987).  
Implications 
 Currently, most of the research completed around problem-solving has involved the sole 
implementation of various modeling methods (Hord & Xin, 2013). Through my research using a 
variety of databases, it was challenging to identify studies that have discussed the impact that 
collaborative group work could have in conjunction with a model method strategy. Additionally, 
metacognitive practices have mostly been designated for older students in high school and 
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beyond (Jin & Kim, 2018). There had been some research that showed metacognition can benefit 
elementary-aged students, but further studies still needed to be conducted (Jin & Kim, 2018). 
This project provided additional data around the use of metacognition for students in elementary 
grades which benefits researchers in identifying the efficacy of such strategies for helping 
students learn to critique their reasoning and mathematical practices, as well as those of their 
peers, a vital component of the current nationwide standardized testing (CAASPP, 2018).  
 Upon completion of this study, the routines and procedures that students learned around 
collaborating to problem solve inspired other opportunities for students to work together in 
different academic content areas. I used these same strategies of collaboration and metacognition 
in science to support students through the scientific process. I saw the value in applying group 
work and debriefing sessions to experimental opportunities as students explored science content. 
Finally, the focus of the school’s collaborative learning time was centered on math instruction. If 
this project was successful and the practices used effective, I was interested in presenting these 
findings to my site as evidence of additional methods to teach problem-solving, since this is an 
issue that affects many upper-grade students but would also benefit lower grade students as they 
began learning the basics to problem solve (CAASPP, 2018; Sparks, 2018).  
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Chapter II 
Literature Review 
 The purpose of this action research project was to provide students with an approach to 
problem-solving that supported their development of critical thinking and the application of basic 
arithmetic skills in real-life scenarios. Based on Vygotsky’s social learning theory, along with 
Dweck and Boalers’ mental mindsets for math, students used collaboration with peers to analyze, 
discuss, and reflect on their problem-solving techniques to learn alternative methods for solving 
complex, multi-step word problems (Boaler & Dweck, 2015; Dweck, 2006; Vygotsky, 1987).  
 Based on the evidence collected through the California Assessments of Student 
Performance and Progress (CAASPP), students in California were not meeting the grade-level 
expectation in problem-solving during the 2017-2018 school year. While the previous year’s 
fourth-grade students from the study site demonstrated higher than state average scores in 
concepts and procedures at 45% proficiency (compared to 29% for the state average), less than 
30% of those same students correctly applied those computation skills in problem-solving 
scenarios (CAASPP, 2018). This evidence suggested that even when students had strong 
addition, subtraction, multiplication, and division skills, these skills did not always translate into 
a strong application of those skills in mathematical word problems.  
 Hence, the research questions that guided this action research project were: How does a 
collaborative learning approach and reflection impact the ability of 4th-grade students to identify 
the steps needed to solve multi-step word problems? Does reflective learning support 
collaboration in elementary students? 
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Overview of the Literature Review 
 The purpose of this literature review is to offer an explanation and summary of the 
research which guided this action research project. First, the principal theories relied upon for 
this project included Vygotsky’s (1987) social learning theory, Freire’s problem-posing theory 
(1970), Dweck’s growth mindset theory (2006), and Boaler’s (2016) research and work on 
mathematical mindsets. From here, I began a comprehensive look into the current related 
research around early education in mathematics. The research reviewed for this study 
investigated various methods of problem-solving and approaches to word problems in 
elementary-aged students. Upon my investigation into problem-solving, I was led to research 
more closely connected to how students with learning difficulties or disabilities can be supported 
in their development of problem-solving skills. Secondly, I then began to look carefully at 
research on the impact mental mindsets and collaboration with peers could have on achievement 
in math. The sources included in this study were retrieved from databases such as EbscoHost, 
Education Source, Psychinfo, and Google Scholar. The following search terms or keywords were 
used to find relevant research: group work in education, student attitudes, underserved students, 
deficit discourse, collaborative group work, mental stamina, cooperative learning, word 
problems, problem-solving, and model methods.  
Theoretical Rationale 
 This research project was supported by four main theories, Vygotsky’s social learning 
theory (1987), Paolo Freire’s problem posing education theory (1970), Dweck’s growth mindset 
principles (2006), and Boaler’s approach to mathematical mindsets (2016). These theories 
worked together to support students in developing problem-solving skills that required teamwork 
and perseverance. The rigor of the Common Core State Standards (CAASPP) insisted that 
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students solve multi-step word problems to show proficiency at grade level (CAASPP, 2018). 
The achievement gap that has been noted in the CAASPP testing in the area of problem-solving 
purports that students were missing the mark on learning how to decode and compute these types 
of math questions on standardized tests. Together, these theories provided the foundation for this 
research project and guided the design of the intervention process which investigated the effect 
of collaboration with peers, self-reflection, and positive teacher language on the development of 
students' abilities to solve multi-step word problems independently.  
 Social learning. Collaborative learning was a critical factor in this intervention and 
necessary for participation in the study. Vygotsky and Freire, two prominent social learning 
theorists, guided the development of this action research intervention.  Vygotsky’s social-
learning theory suggests that learning is most productive when done with others. He set forth that 
in a collaborative learning environment among peers where there is an expert “teacher” and a 
novice “learner,” growth will be made as the novice and expert negotiate a shared understanding. 
His theory also explains the necessity for students to experience a productive struggle within 
their zone of proximal development (ZPD). This zone is the cognitive gap that exists between 
what a student can already do on their own and what they are being challenged to learn with the 
help of a peer. Vygotsky (2017) defined ZPD by stating, "The difference between the level at 
which it [a child] solves a problem under guidance, with the help of adults, and the level at which 
it acts on its own defines the zone of proximate development” (p. 9). Vygotsky implored 
educators to identify students’ ZPDs by examining their abilities when provided support 
compared to independent work. This assertion is significant because it was important to this 
research study to know which word problems would be appropriately placed in students’ ZPDs 
for collaborative work with peers. When students are pushed within their zone, with proper 
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support, Vygotsky argued, they will grow to reach this higher expectation. On the other hand, 
when students are not allowed to wrestle with enough challenges, they are likely to remain 
stagnant in their learning (Vygotsky, 1987). 
 In addition to Vygotsky, another social learning theorist, Freire (1970), challenged 
educators to step back from a traditional role as the all-knowing resource of knowledge. He 
asserts that rather than teachers depositing information into students’ brains, which he refers to 
as a banking system, students should be provided opportunities to lead themselves through the 
learning experience. With this model, students are just as responsible for developing their 
knowledge as teachers are for offering opportunities to explore topics of interest (Freire, 1970). 
Freire (1970) stated in his work Pedagogy of the Oppressed: 
Through dialogue, the teacher-of-the-students and the students-of-the-teacher 
cease to exist and a new term emerges: teacher-student who students-teachers. 
The teacher is no longer merely the-one-who-teaches, but one who is himself 
taught in dialogue with the students, who in turn while being taught also teaches. 
They become jointly responsible for a process in which all grow. (p.80)  
 
This quote from Freire’s (1970) writing implores teachers to partner with students through 
collaboration and conversation. Freire’s problem-posing theory of education stipulates that 
students and teachers should be co-creators of knowledge where both participate in deciding 
what questions are worth answering and how those questions will be investigated as they learn 
together (Freire, 1970).  
 The intervention used in this study required students to collaboratively discuss their 
cognition with a small group of peers, negotiate meaning, and learn through peer-to-peer 
dialogue. The social aspect of this project guided the design of this intervention. Vygotsky’s 
research provided an excellent understanding of the use of collaborative teamwork to support 
students’ development of problem-solving skills (Vygotsky, 1987; Vygotsky, 1970). 
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Additionally, Freire’s (1970) problem-posing theory was critical for student voice and 
development of problem-solving skills as students led each other through challenging learning 
experiences, supported by the teacher but relying on one another for success.  
 Mental models in mathematics. Dweck’s research offers a positive framework from 
which to attack and overcome challenging learning experiences. Dweck’s theory (2006) suggests 
that mental strength can be increased and stamina for learning difficult concepts can grow when 
learners focus not on what they are unable to do but, instead, attend more to their ability to 
improve. Her research shows evidence that motivated learners are those that do not feel their 
intelligence is fixed and believe, instead, it is malleable and able to change over time with effort 
(Dweck, 2006). This idea of viewing one’s intelligence as incremental and ever-growing is what 
Dweck refers to as a growth mindset, where learning can be achievable for all, with the right 
amount of effort, discipline, and self-affirmations. The more that students believe they can be 
successful and speak aloud their ability to grow, the more likely they are to achieve (Dweck, 
2006).  
Dweck observed that learners who have a growth mindset may not necessarily believe 
they will become the next notable scholar in the history of, say, mathematics. Rather, they might 
believe that their potential is unknown and the only way to see how much they can learn, is 
through continued effort and hard work (Dweck, 2006). Within this framework, the abilities with 
which individuals are born are only the starting point; students can achieve much higher learning 
through self-affirmations such as, “With enough effort, I will learn this!” (Dweck, 2006). In 
contrast, those with a fixed mindset believe that abilities are set at birth and unable to grow, 
decided upon by one’s genetics and cannot be improved with additional effort. Fixed mindset 
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believers feel the pressure to prove their abilities in every task given because failure would mean 
they are no longer intelligent (Dweck, 2006).  
Dweck argued that these two mindsets shape not only how students view themselves in 
early education but have continued to mold our society into valuing intelligence over effort. This 
bias creates a culture where students are trained that they cannot improve and that being a 
capable student has less to do with effort and more to do with natural ability. When students are 
taught that being smart is the goal, not the journey to overcoming challenges and learning new 
concepts, society begins to reflect a hierarchical mindset that those that are intelligent are the 
best and if a person cannot maintain the intelligence standard, they lose societal power (Dweck, 
2006). To combat this, educators need to be cautious of placing the emphasis on intelligence 
over applied efforts (Dweck, 2006). A society with a growth mindset is one where everyone is 
provided an equal opportunity to view themselves as able and the potential for success is 
equitable. Intelligent people are, therefore, not those with the highest IQ scores but, instead, 
those that continue to reach for their goals by positively encouraging themselves, and others, 
with the notion that people can learn with enough effort, time, and motivation (Dweck, 2006.)  
 When learners are asked to complete multi-step word problems, there is a necessity for 
mental stamina and perseverance to apply computation skills to real-world applications. The 
problem-solving intervention used in this research study relied heavily on students’ abilities to 
overcome their negative self-talk and doubt through a growth mindset approach. Students were 
encouraged to go back, try again, and work the problem until completion as they supported each 
other through positive mindset phrases such as, “We will solve this with enough effort and time” 
and “We might not know yet, but we can try another strategy.” This type of language benefited 
students by reshaping their mindset from “I can’t do this, it’s too hard” into “I will get this 
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eventually, I just have to keep trying.” Dweck’s theory (2006) helped students as they grew their 
stamina to problem solve and gained confidence in their knowledge of word problem techniques. 
The hope was that her theory would encourage students to keep working towards grade-level 
standards, no matter the number of failures they experienced.   
Boaler (2016) worked alongside Dweck in understanding how growth versus fixed 
mindsets affects the mathematical success of students. The key component to managing a growth 
mindset for students in mathematics, according to Boaler, is through how teachers assess student 
achievement. Boaler posited that one of the critical factors that contribute to student success in 
math occurs through self, peer, and teacher feedback. Students who receive specific and regular 
feedback about their abilities and strategies used, as opposed to a traditional grading system 
based on right or wrong answers, show greater improvement and overall success in math. Boaler 
called this an “assessment for learning” (A4L) rather than of learning as it places greater 
emphasis on what a student has learned to do, so far (Boaler & Dweck, 2015). Her research 
supports understanding how students’ self-reflection of their strategies and approach to math 
problems supports a growth mindset as it helps students recognize, through metacognition, if 
they know the material being taught or if an achievement gap exists. This helps students to be 
responsible for their learning and to become more in control of their success in math (Boaler & 
Dweck, 2015).  
 A major cornerstone of assessment for learning is the self-assessment component. When 
students are asked to use metacognition to analyze their ability to master a given topic, a self-
assessment will provide students the chance to reflect on (1) if they can do the work 
independently while also explaining their process to others, (2) if they can do it independently 
but are unable to teach other students, or (3) if they still need time to feel confident about the 
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skill addressed (Boaler & Dweck, 2015). The purpose of a self-assessment is not to provide a 
grade based on correctness but instead for students to honestly determine their skillset. This 
regular practice of metacognition helps students to become more aware of what areas they are 
proficient in and where they might need to ask for help, teaching them to assert themselves to 
find educational support when necessary.  
 Another important factor in assessment for learning is self-reflection. Self-reflection is 
different from assessment because the focus is not on concepts, but rather on the approach and 
process to problem-solving. When students participate in regular reflections of their group or 
independent work, they can determine which strategies were successful, which were not, and 
where they need support as a learner (Boaler & Dweck, 2015). Also, self-reflection allows the 
opportunity for students to identify how the lesson’s math concept relates to other learning and 
where it fits into the larger math picture. Research suggests that students struggle with math in 
large part because they do not understand how concepts work or join with other units (Boaler & 
Dweck, 2015). By providing regular opportunities for students to think critically about what they 
just learned, they may become more self-aware of how the current lesson supports other math 
concepts they’ve already learned or will learn in the future (Boaler & Dweck, 2015). Boaler 
(2015) suggested the sorts of questions one might use in a self-reflection including: 
What was the big idea we worked on today?  
What did we learn today? 
What good ideas did I have today?  
In what situations could I use the knowledge I learned today? 
What questions do I have about today’s work? (p. 158)  
 
The answers to these questions provide valuable information to the learner as they determine the 
importance and relevance of math concepts. Additionally, the information collected through their 
reflection would provide the teacher with a formative assessment to determine whether students 
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are prepared to move forward in connecting this topic to another or if additional support is still 
necessary.  
Teacher language also influences a developing growth mindset for students. The word 
“smart” begins to take negative connotations once students face a challenging task that causes 
greater mental stamina then they expected. If students have relied on the idea that they are 
successful because of their level of intelligence, rather than the effort put into learning a concept, 
once they face something difficult, they will lose confidence that they are capable (Dweck, 
2006). In a study by Yeager and Dweck (2012) the researchers concluded: 
We have found that what students need the most is not self-esteem boosting or 
trait labeling; instead, they need mindsets that represent challenges as things that 
they can take on and overcome over time with effort, new strategies, learning, 
help from others, and patience. When we emphasize people's potential to change, 
we prepare our students to face life's challenges resiliently. (p. 314) 
 
 Rather than using language in the classroom that praises students’ intelligence, teachers should 
focus on language that praises the strategies or perseverance used to complete a task (Boaler & 
Dweck, 2015; Yeager & Dweck, 2012). To explain, educators should rely on phrases such as, “I 
like the strategy you used to solve that problem” or “You put so much effort into that math task 
and it shows!” Additionally, when students share their mathematical thinking and it is incorrect, 
look for the logic in their idea and point out when that logic would be correct. For example, if a 
student was asked to complete a problem such as 30 divided by 5 and they answered “five,” say 
something like, “That would be correct if we were thinking of 25 divided by 5, try it one more 
time!” (Boaler & Dweck, 2015). These examples of positive language will help foster a growth 
mindset and provide a foundation for students when faced with solving challenging math 
problems in which they struggle to find a solution.  
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Not only is the language used by educators important for fostering students’ positive self-
talk when met with challenging work, so is how a teacher provides help. Boaler’s research 
suggests that when students and teachers submit to their classical roles, one in which the students 
ask for help, and thus expect the teacher to scaffold the problem or offer hints to solving, and the 
teacher offers that help, it takes away from the cognitive demand of the problem and minimizes 
brain growth (Boaler & Dweck, 2015). Rather than providing ample support in the traditional 
sense by breaking the problem into more manageable tasks, support students through 
encouraging language that inspires them to not give up but to try a new strategy, such as 
visualization. As teachers stop “saving” students from the high cognitive demand of challenging 
problems, students will begin to feel more comfortable with struggle and will learn that this is an 
important part of the learning process (Boaler & Dweck, 2015). If children are saved from every 
challenge they meet, they may never learn to overcome obstacles that require them to try, try, 
and try again. The life-long implication of learners who believe teachers, not students, hold the 
key to knowledge creates a fixed mindset, promoting the fallacy that intelligence is something 
you are either born with or not; the fallacy that intelligence can’t be improved with a productive 
struggle because your potential is set, regardless of effort. This is the myth educators must begin 
to debunk if students are going to meet the high rigor placed on them by the Common Core 
Standards (Boaler & Dweck, 2015). These standards require great mental stamina that is only 
possible if students are familiar and comfortable with struggling before reaching success. The 
problem-solving expected of students on these standardized tests is designed to create a high 
cognitive demand that presses students to critically assess not only their work but that of others 
(CAASPP, 2018).  
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 A growth mindset in mathematics benefited this research project as students conducted 
self-assessments and reflections with each problem-solving task. They practiced metacognition 
regularly and developed their growth mindset through regular reflections as they determined 
strategies and approaches that brought them greater success or failure. Additionally, as the 
facilitator of these word problems, I supported students through positive language and 
encouraged them to be comfortable with struggle. I carefully selected word problems that elicited 
a cognitive demand that was appropriately challenging and would push them to develop their 
mental stamina for problems solving.  
Review of Related Research 
 The review of related research is organized into two main topics: problem-solving in 
mathematics and mathematical mindsets. Within problem-solving, the topic has been divided 
into two smaller sections beginning first with model method approaches to problem-solving and 
moving, next, into their use with students who have learning difficulties in math. The second 
topic, mathematical mindsets, is divided further into collaborative conversations and 
metacognition in mathematics. Each topic and subsection discusses current related research and 
literature as well as the connections that can be identified between the studies discussed and this 
action research project.   
 Problem-solving in mathematics. One of the initial research topics that I explored 
centered around the various methods of problem-solving currently implemented in schools 
within the United States and abroad. At first, I investigated problem-solving for typically 
developing learners, however, since my intervention included students with learning difficulties, 
I shifted my focus to the impact various strategies may have on students who struggle in 
mathematics, specifically those with individualized education plans (IEPs.) The following 
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research studies explore these topics and take a careful look into the effectiveness of the methods 
most commonly implemented in elementary classrooms to teach problem-solving.  
 Model methods for problem-solving. A study by Kaur (2019) looked closely at the 
research that had previously been done on the efficacy of the Singapore Bar Model Method and 
determined which theoretical practices existed to back up this approach. After doing a thorough 
investigation of other studies, they determined that the model method is based in Zoltan Dienes 
theory in which students create visual representations of mathematical equations prior to solving. 
This approach is considered a schema-based instructional practice wherein students must be able 
to draw out their thinking prior to solving to assure accurate comprehension of the word 
problem. Five teachers in the Singapore educational system participated with their math students. 
The teachers provided five separate opportunities for students to solve word problems using the 
model method. These teachers were then interviewed by the researchers to determine the 
effectiveness of this intervention based on their observations.  
 The participating educators reported a general agreement in the usefulness of model 
methods as a tool for solving word problems but discussed the challenges it brings when solving 
more complex arithmetic. They were in agreement that, at times, manipulatives or other 
visualization techniques were more effective in leading students to forming equations needed to 
solve these word problems. They also offered a great deal of student support through whole 
group discussions when students struggled to develop correct bar models. This study provided a 
framework and evidence to guide my implementation of the model method in this action research 
project. Kaur’s (2019) research suggests that students benefit from the visualization of word 
problem stories and that teaching this approach will support students in determining equations 
they will need to formulate to problem solve in collaboration with others. All in all, model 
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methods often appear to have a positive impact on the ability of students of varying skill levels to 
solve word problems. 
 Xin (2019) investigated the effects of a model-based approach in problem-solving, but 
more specifically with word problems involving addition. The researcher was curious about the 
effects and implications of model methods in combination with arithmetic in helping students 
solve word problems. They argued that the common “keyword” strategies taught by educators do 
not support students’ understanding of which operation to use when there are language 
inconsistencies that require students to work backward to solve. 
 The results of Xin’s (2019) study indicated that the conceptual model-based problem-
solving (COMPS) approach is effective in solving word problems as students no longer needed 
to guess which operation to use and could diagram the numbers before using equations to 
solve.  This COMPS approach is a visualization technique that requires students to build models 
that identify the relationships between the key information in the problem, thus leading students 
to develop an equation based on their model. Their approach is in opposition to other common 
practices that ask students to develop a visual story of the items, numbers, people, and other 
elements in the word problem (called a schema-based approach). The researchers proposed that 
schema-based approaches do not lead students to efficiently create equations as they rely heavily 
on keywords to identify the arithmetic needed, which, as discussed earlier, can be problematic.  
 Xin (2019) suggested the use of bar models requires students to draw the larger amount 
on one side and use the additional information to create the other side of the diagram. This 
allows students to visually see what they need to solve for and helps them determine which 
operation to use, rather than looking for words to cue them. This study furthered my 
understanding of part-part-whole model methods such as the Singapore bar model approach and 
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supported other research findings that promote model methods as an effective strategy for young 
learners.    
 Supporting struggling mathematicians in problem-solving. A study by Hord and Xin 
(2013) investigated the effectiveness of common problem-solving strategies used in the 
classroom, especially with students who have learning disabilities in mathematics. They 
evaluated a multitude of peer-reviewed articles and examined their results and findings, 
synthesizing the data for the reader and sharing the benefits of each method. Students with 
learning disabilities often struggle with their working memory processes. Metacognitive 
strategies that help students track their thinking throughout the problem-solving process can 
alleviate this stress by allowing the student to document their thinking as they work. 
Additionally, the research supports that drawing pictures that represent the ideas in a word 
problem are less effective than model method strategies. With model method diagrams, students 
can input numbers directly into a part-part-whole representation which allows them to see what 
they know and what they need to solve for. Thus, they can decide, based on the visual provided 
by the bar model, which operation(s) will get them to the solution. COMPS strategies help the 
student meet visual representations with algebraic equations. This study was beneficial to my 
research goals as it gave me a good sense of the most popular problem-solving techniques being 
used in education currently and how my action research project will fit into existing studies. It 
allowed me to continue to see validity for the use of model method approaches in solving word 
problems, which encouraged the work I planned to do with general education students in my 
classroom.  
 Zhu (2015) wanted to determine if a cognitive strategy instruction (CSI) intervention 
would benefit students with disabilities when solving word problems in math. CSI strategies are 
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an approach that asks students to complete several “reads” of the problem before beginning the 
visualization piece. First, students read for meaning and to make sure they understand the 
problem. Next, students are asked to put the problem into their own words, requiring them to 
paraphrase and identify key information. After, students begin to visualize the story of the 
problem through a pictorial representation which leads them to their equation. Finally, students 
must check to make sure their answer makes sense. Through this approach, students continually 
check for their understanding and proficiency, requiring them to metacognitively think through 
their process (Zhu, 2015).  
 The researcher determined that the implementation of CSI positively impacted the 
understanding of students with disabilities. This group demonstrated a stronger understanding of 
solving word problems and made significant growth. They did see, however, that higher-
achieving students did not make noticeable gains in their performance, as they benefited from a 
more traditional approach. The study suggested that when including students with disabilities in 
the general education classroom for math, it would be beneficial for all students if teachers 
utilized CSI in teaching word problems since it did not cause detrimental effects on higher 
achieving students. CSI strategies work hand-in-hand with other metacognitive approaches to 
mathematics, an important component of this action research project, which will be discussed in 
the next section of related research.  
 The research reviewed in this section informed the efficacy of model method approaches 
for all students, including those with learning disabilities. It supported my understanding that 
visualizing the relationship between the given numbers in a word problem is a necessary first 
step in solving as it pushes learners to form equations based on quantities known and unknown, 
not on key-words within the problem. Additionally, the studies here led me further into the next 
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area of research wherein I looked closely at metacognition and how model methods can work 
together with these cognitive approaches to problem solve.  
 A mathematical mindset to support problem-solving. While exploring various 
problem-solving strategies, it became evident that model methods provide many opportunities 
for conversations among peers. While students discuss their thinking and share ideas 
collaboratively, they also need to be flexible in their thinking and be open to reflecting on 
strategies used by others that have also been successful. The research in this section explores the 
impact of collaborative conversations on students who problem-solve together; additionally, it 
looked at the implication of using metacognition as a tool to support a growth mindset in math.  
 Collaborative conversations and student grouping techniques. In a study carried out by 
Garcia-olp et al. (2017), researchers wanted to know what sorts of deficit thinking occurs in math 
classrooms, especially in terms of labeling students by abilities when grouping them for 
collaborative work. This study was qualitative in design and analyzed the single classroom 
discussion of 25 pre-service educators in their college class. Their discussion was recorded, 
transcribed, and analyzed by each researcher independently.  The findings indicated that many 
experienced teachers use ability grouping and labels to identify students and their skill level. 
This method of grouping and identifying students was determined to be harmful to the 
confidence of students as they began to feel “less than” when given labels such as “at-risk” 
compared to peers who have more positive labels like “above-grade level.” Grouping students by 
high, medium and low also had a negative impact as students were able to determine which 
group they were placed in thus impacting their self-confidence in math. Additionally, even when 
groupings were heterogeneously mixed, teachers reported that many lower-achieving students 
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were aware of their placement with a higher student for support purposes. This deficit thinking 
had a negative impact on their mathematics motivation and overall achievement.  
 Another interesting discovery of this study were the reports of teachers who chose not to 
group students by ability and instead offered different viewpoints on student groups. One teacher 
was reported to group students by learning styles, providing students a chance to work with those 
they don’t frequently engage but that share a common learning approach. Another teacher 
allowed students to seek out help only when they felt they needed the support, which reportedly 
encouraged a more positive attitude towards math by all students in the classroom (Garcia-olp et 
al., 2017).  
 The study participants were pre-service teachers and thus were less experienced than the 
average classroom teacher. Their perception of how their master teachers engaged in small group 
math instruction is limited by the fact that they may have few experiences and may have been 
more critical of their teachers based on the practices being taught in their teacher education 
program. The sample size was also small, only 21 pre-service teachers participated and the 
collaborative conversation and reflection through which these data were collected took place 
only once. This source, however, did offer alternative ways to group students for the 
collaborative work that would take place in this action research project. Whereas I typically 
relied heavily on mixed-ability groupings, with this action research project I saw validity in 
changing the grouping styles throughout the process to allow students to work with others they 
may generally collaborate with less frequently (Garcia-olp et al., 2017).  
Other sources also provided guidance for grouping strategies. Specifically, Jackson et al., 
2013) developed an innovative collaborative workspace for students to use in math, followed by 
a research project to determine the effectiveness of interactive tabletops in promoting 
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collaboration. The researchers wanted to find out if a technology that supported collaborative 
conversations would benefit students in math. They were curious if an interactive tabletop that 
allowed 3-4 students to simultaneously complete math equations would help improve attitudes 
towards math as well as decrease the achievement gap between boys and girls in a fourth-grade 
classroom. The participants were two classes of fourth-grade students, a mixture of boys and 
girls, approximately 55 students in total. They collected evidence through benchmark 
assessments to determine if math scores improved over time. They also asked students to 
complete surveys to address their attitudes towards the use of the technology as well as their 
attitudes towards working with others in the classroom on a shared math topic. The findings 
concluded that the technology was effective but that it might not have been any more effective 
than traditional teaching strategies. The researchers also found that students enjoyed the use of 
the technology but admitted to the noticeable distraction it caused in the classroom. Jackson et al. 
(2013) suggested additional studies should be conducted to include a wider sample size over a 
longer study period to fully understand the implications of the technology on the gender 
achievement gap issue in a fourth-grade classroom.  
As I began to consider my research project, sources such as that of Jackson et al. 
(2013) supported my thinking that collaboration with others in math is an effective strategy for 
helping students learn. Such literature also provided evidence for meeting the math educational 
needs of both boys and girls through a social constructivist approach to teaching, much like 
Vygotsky's theory (1987) discussed above. The distracting nature, as well as the cost, of the 
technology, however, was concerning, thus leading me to use a simpler approach to the 
collaborative workspace; large poster-sized paper.  The purpose of the poster paper was the same 
as that in the research noted previously; as a medium that supported collaborative conversations 
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with peers. The difference, however, would be in the less distracting nature of paper over a 
computer screen. Additionally, each student had access to the paper and worked simultaneously 
with all students in the classroom, thus limiting the likelihood they would be distracted from 
their work by observing students doing something more “exciting,” as everyone was working on 
the same task at the same time.  
 Metacognition and assessment in a group work setting. Jin and Kim (2018) wanted to 
find out if elementary-aged students could continuously reflect on their learning and problem-
solving as they negotiate meaning with other students in group work. This study was qualitative 
in design and data was obtained through observations, field notes, and interviews with students. 
The participants were science students in fifth and sixth grade. The students were placed in small 
mixed-ability groups of three to four students each and asked to complete various science 
experiments collaboratively. They found that elementary-aged students were capable of 
metacognition in a social constructivist setting to problem solve. The researchers also 
discovered, however, that this is only the case when students want to work together and have a 
positive attitude about the task at hand.  
Such a study supported my work as it suggested the importance of teaching students to 
reflect on their learning and thinking when in a collaborative environment. When students 
began to work together to solve word problems, it was essential to help them learn how to share 
their thinking productively with the group to reach an agreed-upon aim set forth by the team. 
The study was small and was limited by the students’ interest in participating. I was cautious in 
my research to help students develop a positive attitude towards group work – by teaching them 
explicitly how to work together in meaningful ways and, perhaps more importantly, how to 
problem-solve issues of disagreement during group work.  
33 
In another study completed by Sridharan et al., (2019), the researchers wanted to know 
if peer assessment was a valid form of assessment after finishing a group work task. The study 
was a mixed-method approach and relied on students utilizing a rubric to demonstrate their 
beliefs and feelings about their peers during a group work activity. The rubric used a number-
based scoring system and a computer program calculated the results for quantitative analysis. 
The participants were adults in a higher education setting. They found that when the scoring 
system was not used as part of the students’ final grade, student results were more accurate. 
Additionally, when the scores were used to guide teaching throughout the grading period, as 
opposed to a summative score at the end of the grading period, the intervention was also more 
accurate.  
This study provided evidence for the regular use of rubrics for self and peer assessment 
of the group work and collaboration students participated in while problem-solving. Students' 
self-assessment of the effectiveness of their group’s strategies and approaches to problem-
solving should be done daily, as a formative guide to help students grow in their collaboration 
abilities. Additionally, having students assess themselves provided additional information 
beyond teacher data to determine student growth in metacognitive skills. Self-assessment 
through rubrics served as another mode of analysis and helped me to gather data about the 
efficacy of group work in solving word problems.  
The research reviewed in this section demonstrates the efficacy of establishing a 
supportive mindset within the classroom that encourages students to share their thinking and 
reflect on the strategies that bring them the most consistent success. Teaching students the value 
in critically reflecting on their learning will help them to connect current skills to those learned 
in previous lessons. This connection will also help them to discover which methods supported 
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their understanding so they can draw upon those skills in future problem-solving opportunities. 
When teachers incorporate this type of metacognition into group work opportunities, students 
learn to think not only about their process, but they can consider new approaches from their 
peers. Finally, collaboration and metacognition provide a positive mathematical mindset that 
fosters a growth mindset to help students persevere through demanding problem-solving tasks 
required of them by the current Common Core State Standards (CAASPP, 2018; Boaler & 
Dweck, 2015).  
Summary 
 Theoretical research by Vygotsky, Freire, Dweck, and Boaler offered a strong base from 
which to begin exploring a new approach to problem-solving. Vygotsky’s social learning theory 
(1987) offered the importance of peer-to-peer negotiations of meaning, suggesting that math 
done in heterogeneously mixed groupings would elicit more meaningful understandings for 
participants (Vygotsky, 1987). Freire’s theory in a problem-posing educational framework 
demonstrates the importance of a teacher-student relationship that works together in learning, 
where the teacher does not hold all the knowledge, rather, the students play a vital role in 
developing their own understanding (Freire, 1970). Dweck and Boaler both purport the 
importance of engaging students in work that challenges them to continue trying, even when met 
with failure, using various methods to solve difficult problems along with a positive attitude. 
They share a similar mindset that students grow the most when they reflect on their learning and 
believe in their abilities to improve (Dweck & Boaler, 2015). As I continued with my research, 
further empirical studies continued to echo the sentiments of these theorists, with evidence 
supporting the implementation of self-reflection and collaborative group work in math. Research 
also discussed the use of model-methods for solving problems, which students were already 
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familiar with and used as a strategy when solving multi-step word problems in this research 
study. I hoped that this research study would continue to explore how teachers can support 
students in applying computation skills in problem-solving, as this is an area of need for many 
students taking standardized CAASPP assessments (CAASPP, 2018).  
 The next chapter will discuss the data collection and methodology used to carry out this 
research study. Student self-reflection sheets, pre-tests, and post-tests were used to collect data to 
determine the effectiveness of collaboration and metacognition on students’ problem-solving 
development in mathematics. These methods will be examined further in the subsequent 
chapter.  
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Chapter III  
Methods 
Each spring, students across the nation participate in standardized testing that assess their 
ability not only to compute basic math arithmetic but also to apply and analyze these skills in the 
context of a word problem. Recent scores from the 2018-2019 school year on this CAASPP 
indicate while roughly 31% of California fourth-graders can compute equations with accuracy, 
less than 23% can proficiently apply those skills to real-world problems (CAASPP, 2018).  More 
interestingly, the site in which this study was carried out displayed an even larger discrepancy 
between these two testing areas. Although nearly 40% of fourth-graders at this site tested 
proficiently in basic arithmetic, their word problem scores remained closer to the state average at 
around 23% (CAASPP, 2018). This information suggests that even when students demonstrate 
higher computation skills and understanding, their ability to apply these skills to word problems 
remains a challenge.  
Research in problem-solving indicates that real-world applications of math skills are not 
just a local issue but a difficulty experienced by students internationally as well. Students often 
struggle with understanding how to accurately visualize the information presented and how to 
formulate equations needed to correctly problem-solve (Hord & Xin, 2013). Certain sources in 
the research literature point to the efficacy of part-part-whole model methods such as those 
developed in the Singapore math program (Kaur, 2019). Other research by Boaler and Dweck 
(2015) suggests that a major factor in math achievement is self and peer reflection through 
metacognition. Boaler and Dweck's (2015) research points to the growth that students 
demonstrate when provided opportunities to thoughtfully reflect on their process through rubrics, 
reflections, and discussions. They argued this action of analyzing your strategies, along with 
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those of your peers, support a growth mindset in math and an ability to persevere through 
challenging real word problems (Boaler & Dweck, 2015).  
The theorists and researchers included in Chapter 2 provided ample support for the 
intervention proposed in this research study which aimed to help narrow the achievement gap 
between procedural math skills and problem-solving in fourth-grade students. The purpose of 
this research project was to determine if a group work approach would benefit students in their 
development of problem-solving skills which they, in turn, could apply independently on 
assessments. As students participated in group work sessions, they were given the opportunity to 
discuss strategies, listen to varied approaches, and practice visualizing equations from real-world 
scenarios. Therefore, the action research questions driving this project were, how does a 
collaborative learning approach and reflection impact the ability of 4th-grade students to 
identify the steps needed to solve multi-step word problems? Does reflective learning support 
collaboration in elementary students? This chapter describes the setting of the research project, 
the participants, the self and peer reflection tools, assessments used to monitor problem-solving 
growth, and the plan for analysis of data.  
Setting 
The site in which this study was carried out is a large elementary school, with over 900 
students, that served TK through fifth grade and was predominantly white or Caucasian (36%) 
and Hispanic/Latino (27%). The remaining ethnic diversity of the site broke down as follows: 
Asian (10%), African American (9%), and Filipino (7%).  Less than 10% of the student 
population spoke a language other than English, with Spanish being the highest at 4.6%, 
followed by Tagalog (1.1%), Farsi (0.7%) and Mandarin (0.6%) while more than 83% of 
students were English only speakers.  According to Ed-Data.org (2020) and the CDE.org (2020), 
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the majority of students who attended this school came from more affluent households, with less 
than 22% of students considered socioeconomically disadvantaged, receiving free or reduced 
lunch.  
The most current CAASPP results indicated that nearly 60% of the third- through fifth-
grade students scored within the proficient category in language arts and 54% demonstrated 
proficiency in math (CAASPP, 2018). These scores were higher than the county averages which 
were reported at 54% for language arts and 44% for math. Students at this site also scored higher 
than the district average in mathematics with 51% demonstrating proficiency. Interestingly, 
fourth-graders, in particular, scored exceedingly well in mathematics at this school with 55% 
passing as compared to the district average (51%) and the state average (45%) (CAASPP, 2018).  
The teachers and staff at this elementary school were highly qualified and experienced. 
The average classroom teacher had 14 years of experience as a credentialed educator. The typical 
class size was 24 students for lower elementary (K-3rd) and 32 students for upper grades (4-5th). 
According to Ed-Data. org (2020), the school practiced a full-inclusion model for special 
education and, therefore, had more than 20 paraprofessionals, along with two special education 
teachers, to service nearly 100 students with IEPs within the general education classroom. This 
site was fully staffed with a full-time principal and vice-principal, which was not the case for all 
sites within this district as many sites shared vice-principals on a part-time basis.    
Demographics of the Classroom 
Participants for this study were recruited from my general education fourth grade 
classroom during the 2019-2020 school year. There were 32 participants in total, all of whom 
were included in the data and results of this research study. Additionally, parents of each student 
were notified by letter of their child’s participation in the study. All student data were included in 
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this study, regardless of their skill and ability in problem solving or math computation in order to 
offer a more comprehensive analysis of the effectiveness of this intervention. I wanted to see not 
only if this intervention would be successful for typically developing students who demonstrated 
grade level proficiency on the CAASPP, but also for students who were serviced through the 
special education department and who demonstrated math skills below grade level.  
Using information about this class maintained in IlluminateEd.com (2020), of these 32 
students, four (13%) were on IEPs which included math goals through the special education 
department. These four students were provided daily support for 45 minutes from a special 
education paraprofessional to address their specific and individual needs. During the 
intervention, however, the aide was not present and, thus, these students worked with peer 
support only. One student received preferential partnering during group work in order to address 
the anxiety concerns noted in their 504 educational support plan. For this study, “preferential 
partnering” means this student was placed only with other students that had proven to exhibit a 
successful working relationship with this student. Furthermore, two students participated in the 
Gifted and Talented Enrichment (GATE) program on campus.  
When looking on IlluminatedED.com (2020) for specifics on the gender identified 
breakdown of the class, 20 students identified as female (63%) and 12 as male (37%). Their ages 
ranged from nine to 10 years old. There was one set of fraternal twins in the classroom who were 
purposefully separated for the intervention to lessen the risk of biases during peer reflection 
opportunities. Most of the students in this class self-reported their primary race as White (40%). 
The second highest reported race was Hispanic (21%). Asian and African American/Black 
students were equally represented (15% each). Finally, the least reported ethnicity was Filipino 
(9%). No other races were represented within these participants.  
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The majority of the students in this class spoke English as their first language, 27 students 
total (82%). Six other students spoke English as their second language and the breakdown of 
their primary languages is as follows, with one student represented for each: Hebrew, Arabic, 
Farsi, Urdu, Tagalog, and Telugu. Of these six students, five had previously been reclassified as 
proficient in the English language, leaving one student identified as English Language Learner 
(ELL.) This student tested at early advanced on the most current CELDT testing for English 
language proficiency.  
Data Collection Strategies 
  This research study was carried out over an eight-week time frame in which a variety of 
data collection strategies, both quantitative and qualitative, were implemented. The cornerstone 
of this intervention was centered on student discourse and reflections; thus qualitative survey 
questions and Likert-type rubrics were used to help students analyze their strategies and 
processes.  For each intervention session, I also tracked student success within the collaborative 
setting by grading the accuracy and use of visualization in their team’s response.  Additionally, 
assessments were given to students prior to the implementation of the intervention, bi-weekly, 
and at the conclusion of the study for quantitative analysis. Finally, researcher field notes were 
used to capture the class debriefing sessions and student discourse during group work as a means 
of analyzing how these conversations affected assessment data and future peer collaboration, 
another qualitative data source.  
 Peer and self-reflection and assessment through surveys and rubrics. After each 
group work session, students were asked to reflect on their team’s ability to effectively engage in 
teamwork to solve the given word problem. The survey and reflection questions were kept in 
their private reflection journal. Students were asked, first, to grade themselves and their group on 
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their ability to practice a growth mindset, using a four-point Likert-type rubric. The rubric was 
aligned with the same four-point scale all other grading in class followed. For example, a level 4 
score would be given to teams that worked without giving up and searched out all resources or 
available tools to problem solve (Appendix A).  A level 1, on the other hand, would be given to 
groups who gave up on the problem or did not work together successfully. Students also 
reflected inwardly on how they helped or hindered their team during the collaborative process. 
Once students reflected on their contributions, they focused on the group’s impact on their 
practice. Students analyzed the level to which their team supported or encouraged their success. 
Having students analyze the role of themselves within the group, as well as how the group 
impacted their learning, provided valuable information for students regarding the positive (or 
negative) impact actions had on others. They compared how their role altered the group dynamic 
and if the group was helpful to their learning. The practice of grading themselves and their group 
members on these criteria was to support their group’s development of a growth mindset in 
productive discourse and problem-solving.  
 After students thought about the collaboration piece of their problem-solving process, 
they were asked to think critically, through open-ended response questions, on what they could 
learn from the day’s experiences. Participants considered how the strategies used today brought 
about new learning they hadn’t considered before which could potentially be used in later 
problem-solving tasks. Students also analyzed how they might alter their process in the future 
should they encounter a problem like this again. Finally, students thought carefully about their 
comfort with the skills addressed by the task and if they would be able to teach the session’s 
word problem to someone else easily (Appendix B). This provided valuable insight for students 
on their proficiency and allowed them to self-monitor their growth over time.  
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 The reflection and self-assessment journals provided qualitative data regarding student 
metacognition. It also offered insight into the personal connections and experiences students had 
each day with their work. As the researcher, the journal responses allowed me to capture their 
thoughts and self-reflection about their learning process daily, without needing to conduct 
individual interviews. The journals were kept in a locked cabinet between sessions so that all 
information would remain private and confidential for students. This practice allowed students to 
feel safe in answering honestly when thinking about their practice and their team’s collaboration 
and growth mindset abilities.  
Group work posters. Students completed their problem-solving practice using a single 
piece of large paper (11”x18”) for their group. This poster provided valuable information on the 
strategies students used and the level of discussions being had around the room amongst peers. I 
analyzed the visuals made by students for an understanding of the problem being given and also 
to determine if they were able to generate correct equations based on their visual models. The 
papers were collected after each session and stored in a locked cabinet, along with the reflection 
journals, to ensure confidentiality.  
Word problem assessments. Before students participated in the intervention, they were 
assessed on their ability to solve multi-step word problems independently. They were given a 
single word problem to solve on their own and an unlimited amount of time to complete their 
assessment (Appendix C). Twice throughout the study, students were provided a repeat of this 
assessment to determine growth on independent problem solving abilities. Each assessment was 
scored on a four-point rubric (Appendix C) which can be broken down as follows: (1) student 
made a limited attempt or did not show work; (2) student showed some work but their answer 
was incorrect; (3) student showed a solid understanding and an appropriate method to solve but 
43 
their answer was incorrect; (4) student showed all work clearly and used an appropriate method 
to solve; their answer was also correct.  
 At the end of the study, students were given one final post assessment to determine if the 
intervention was effective in supporting their independent ability to solve multi-step word 
problems. During each of the assessment opportunities, students worked independently with 
privacy folders to lessen the chance students might attempt to work collaboratively. Students 
were given as much time as needed to complete the word problem and were never rushed to 
finish because others were done. I did not read or instruct students on any portion of the 
assessment except when vocabulary within the word problem seemed problematic, such as a 
“pair” of socks means “two” socks. This ensured equity was maintained for all students, 
including ELLs and those with IEPs.  
 Researcher field notes. During group work sessions, I maintained a journal of field 
notes to monitor and record the general conversations and strategies being used among students. 
The purpose of the field notes was to identify, from a teacher’s perspective, the level of 
productive conversations being had around the classroom. I was also interested in analyzing the 
various strategies used in the different groups and if students were able to explain their thinking 
effectively with the whole class when asked. My field notes were also important for recording 
my observations of any students who were not participating in the group work, thus to determine 
if their lack of participation would have had an impact on their independent assessments.  
 As students were working, I monitored their ability to persevere, making notes of 
students who appeared disengaged in generating strategies that supported the group’s success. 
This information was important to me when analyzing assessment scores; I was curious if 
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students who offered more ideas or asked relevant questions would score higher on assessments 
when working independently compared to those with limited group involvement.  
 A final part of my field notes was to keep a grade book of student group responses. After 
collecting their posters, I graded each group’s paper based on the same scoring rubric used for 
assessments. It was important for me to see if there was a correlation between student assessment 
scores and group proficiency. The grade book was kept in the district online database, Illuminate, 
which was password-protected.  
Procedures 
            This eight-week study began with a pre-intervention assessment to determine student 
proficiency when working independently to complete multi-step word problems. From there, 
students participated in word problem group work sessions between two to three times per week. 
Twice throughout the study, students were re-assessed on an independent level to track growth. 
Finally, the intervention concluded with a culminating post-test. 
            Pre-intervention assessment. Students were asked to complete one multi-step word 
problem before participating in the intervention. This test was given to students to solve 
independently and without any support from a paraprofessional or teacher. I read the word 
problem aloud before students began, to confirm they understood the language within the word 
problem. For example, if they saw an unfamiliar term such as “pair” I would explain that a pair 
means two. I felt this was important for students to have equal access to the language of the word 
problem, especially for my English language learner and my other five students who were 
bilingual. Students could take as much time as necessary to finish the assessment, with the 
majority of students finishing within 10 to 15 minutes. Students were not able to ask questions of 
me or ask for help from peers during the assessment and were required to plan and solve on their 
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own. The word problem required two steps to complete and covered math content that we had 
previously learned in class. 
            Intervention implementation and process. Students worked in groups of three for each 
session. The groups were determined in a variety of ways: (1) based on the table group they were 
assigned for the month; (2) by student choice; or (3) random selection through an online group 
making application. Student groups changed each session and provided opportunities for students 
to practice collaboration skills with many different peers.  Occasionally, when students were 
absent, groups would be smaller in size to promote equity among student voices. Groups were 
rarely larger than four members as groups with more than four individuals often left one or more 
students disengaged in the task. 
            The intervention was implemented two to three days per week, Monday through Friday; 
at times school events, such as assemblies, or non-school days affected the time available to 
carry out the intervention. Additionally, during the intervention, our class experienced a 
significant flu and cold outbreak causing more than half our class to be absent for over two 
weeks. Thus, to avoid providing more word problem practice to only part of the class, we took a 
two-week break as we waited for most students to be healthy enough to return to school. 
Depending on prep schedules, such as music and physical education (PE), the time allotted for 
the intervention was either right at the beginning of the school day, during our usual math block, 
or after lunch. I specifically chose times within the day that our classroom would be least 
affected by students leaving for other services as well as tardiness in the mornings as two 
students were chronically late to school. Additionally, I wanted to make sure paraprofessionals 
were not participating in the intervention process to avoid providing too much support when the 
purpose of the intervention was to see how peer support and collaboration could best improve 
46 
the math skills of fourth-grade students. Initially, for the first week of the study, groups were 
larger with five to six members; however, it quickly became apparent that for engagement 
purposes, groups of three to four provided a more equitable opportunity for students to be heard 
and respected by their peers during collaboration.  
            Students were instructed that the purpose of the intervention was to work as a team. 
Students needed to understand there was an expectation of discussion, debate, and teamwork 
associated with the problem-solving task. Initially, this intervention was planned to take place 
using oversized (4ft x 4ft) whiteboards; unfortunately, the cost associated with this tool was 
much more than anticipated. Thus, at the beginning of each session, student groups were 
provided one piece of large paper as their workspace. During the first week of the intervention, I 
used 12”x18” white construction paper and attached a copy of the word problem with tape. As 
the study progressed, I began using smaller paper, size 11”x 18” so that it could be run through 
the copy machine with the word problem copied onto the group paper. The word problem was 
enlarged so that all students could read the exercise from different angles.  Additionally, groups 
were expected to generate work that showed how their ideas were formed collaboratively. Thus, 
the poster should not have individual student efforts but rather a unified visual model with 
equations that displayed the ideas and efforts of all team members. The writing should be large 
enough that other teams could see their work from across the room, or at least when projected 
under the document camera was important for debriefing purposes so that teams could better 
explain and show their strategies to the whole class. 
            For each session, students were given 10 minutes to read the word problem as a team, 
discuss strategies, develop a plan to solve, and come to a solution. During this time, as the 
facilitator, I circulated the classroom taking notes on the collaborative efforts that stood out and 
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teams that displayed strong group work. I made field notes of any students who appeared 
disengaged or that were not involved in the discourse at their table group. This provided 
important information when analyzing assessment data. My hope was to determine if students 
that were regularly off task or disengaged displayed lesser growth over the course of study.  If 
students asked questions of me, I directed them back to their team members and reminded them 
to re-read the word problem. I did not offer my own thinking, strategies, or approval of their 
work. Students were allowed to discuss their thinking with neighboring teams, if they chose, as 
any form of collaboration was acceptable. My only role at this time, from a student perspective, 
was to encourage collaboration, redirect back to the posted collaborative conversation 
expectations, and encourage them to have a growth mindset when frustrated. 
            Once most of the class was finished, we moved into a classroom debriefing session led by 
the students. Volunteers were provided an opportunity to share aloud the strategies their team 
used to solve the problem. Other teams were expected to listen carefully and encouraged to 
respond with agreement, disagreement, or alternative strategies. This intervention was centered 
on student discourse and collaboration, therefore any groups who wished to provide an 
explanation of their work were given the opportunity to share with the whole class, or as many 
groups as time allowed. Typically, we spent no more than 10 minutes on this process to allow 
ample time for the self/peer reflection and assessment. Students also held their posters for the 
class to see, or placed them under the document camera, to aid in explaining their thinking. This 
allowed other groups to see the strategies being used and also compare to their findings and 
results.  
Before moving into the last part of the intervention, I would share how I solved the 
problem, allowing students a chance to determine if their work was accurate. I recorded, using an 
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online grade book when student groups came to the correct or incorrect answer as well as use of 
visual models. This was done after collecting their posters, while students worked on their 
reflections. Student group work was graded on the same four-point rubric used for independent 
assessments. This information was important to see if a connection could be drawn between 
collaborative success and independent assessment results. 
            The final step in the intervention process required students to self-reflect and assess their 
participation in the group process, as well as their team’s ability to successfully collaborate. The 
goal of the reflection was to help students identify areas of strength in their communication and 
ways to improve their participation in teamwork for the next session. Students graded both their 
involvement in the group as well as their group’s impact on them. Using a Likert-type rubric 
scale, they scored their group’s level of collaboration, followed by open-ended reflection 
questions meant to help students analyze their participation in the group. This was completed in 
their private and individual reflection journals, which I collected at the end of each session and 
stored in a locked cabinet, along with all the group work papers. 
            Interim and post assessments. Twice throughout the intervention, students were asked 
to complete a multi-step word problem independently, without peer support. They were provided 
an independent assessment and ample time to read, plan, and solve on their own. Students were 
not offered support from teachers, paraprofessionals, or peers as this was their opportunity to 
show how the collaboration over the previous two weeks would help them to think critically 
when working on their own. 
Plan for Data Analysis 
            Each data source was collected to address the research questions: How does a 
collaborative learning approach and reflection impact the ability of 4th-grade students to 
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identify the steps needed to solve multi-step word problems? Does reflective learning support 
collaboration in elementary students?  
Various methods were used to collect information, focusing especially on the growth 
students were making when problem-solving. Initially, students took a pre-test to identify a 
baseline of skills and to begin monitoring their progress. Then, data were collected from each 
session through group work posters and my field notes on the debriefing sessions in which 
students explained their thinking. Using a field note approach, I carefully monitored the 
proficiency in which students could explain how they chose to decode, analyze, and 
subsequently solve multi-step word problems. Finally, students took two interim assessments, as 
well as a post-assessment, to track their progress over time. These independent working 
opportunities gave students a chance to apply their skills without the support of their peers and 
allowed me to determine if the intervention had a positive impact on their development of 
problem-solving abilities. 
            A quantitative analysis process was used through pre, interim, and post-intervention 
assessments that students completed independently. The word problem questions used for these 
assessments required students to critically determine multiple steps needed to solve accurately. It 
also incorporated more than one content area simultaneously, such as addition and 
multiplication. The test questions were derived from a curriculum called Word Problem for 
Model Drawing Practice: Level 4 written by Sandra Chen and were designed for students in 
third through fourth-grade. The data from these assessments determined the independent 
reasoning skills of each student and allowed me to track their progress over the length of the 
study. 
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            A qualitative analysis process was implemented for the researcher field notes and group 
work samples. I used a researcher journal to record my observations during group work sessions 
as well as the whole class debriefing sessions. Each session I made notes of students that were 
disengaged or who did not work collaboratively with their team. I hoped that by keeping a record 
of students who did not participate, I may be able to make further conclusions related to their 
assessment scores. Additionally, at the end of each session, I analyzed the work samples 
generated collaboratively. I evaluated the use of strategies used and made observations about the 
visual models and equations depicted on their posters. As the intervention progressed, I was 
curious to see if their work samples would show any improvement in their visual representations 
of the word problem. I then compared that information to their other test scores to determine if 
there was a correlation between the effectiveness of their group work and the independent 
assessment scores. 
Summary 
            The purpose of this study was to identify the impact of collaboration and self/peer 
reflection could have on students’ abilities to complete multi-step word problems accurately. 
After identifying a need within my classroom for more instruction on solving word problems, I 
recognized a large discrepancy in scores reported by the state for basic computation and 
problem-solving skills on standardized testing in fourth-grade students. The intervention 
developed was implemented over an eight-week period between January and March of 2020. The 
research project began with a pre-test, followed by two to three intervention sessions a week. 
Interim assessments were given and a post-assessment was used at the culmination of the study. 
This chapter described the setting of the school site and classroom, the demographics of 
the participants, the procedures used to implement the intervention, and data collection 
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techniques. Chapter four will discuss the data that were collected during the study, as well as the 
analysis of these data. 
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Chapter IV 
Findings 
This action research project was designed to shed light on the common experience shared 
among many elementary teachers, that word problems in math are a great source of difficulty for 
students. Based on recent reports by the California Assessment of Student Performance and 
Progress (CAASPP), while fourth-graders showed some proficiency in basic computation, they 
struggled when applying those skills in multi-step real-life scenarios. This was especially true at 
the site where this intervention was carried out; 45% of fourth-graders during the 2018-2019 
school year demonstrated an understanding of math computation whereas only 29% were able to 
problem solve correctly as evidenced by their performance on the CAASPP assessment 
(CAASPP, 2018). This information sparked a curiosity into further understanding how teachers 
might be able to close the nationwide achievement gap between computation and problem-
solving skills, which led to an examination of relevant research and theory.  
Theorist Jo Boaler (2015) offered significant findings in the area of mathematical 
mindsets. Her theories, developed alongside Carol Dweck, discussed an approach to math that 
places students at the center of the work, rather than the teacher.  By offering challenging 
problems in a supportive environment using growth mindset language, teachers can empower 
students to tackle difficult math experiences with independence and a positive attitude. She 
purports that self-reflection is also important as students review their learning and articulate what 
helped or hindered them in their success (Boaler & Dweck, 2015). Other research pointed to the 
need for students to practice metacognition after working collaboratively with others. Certain 
sources in the research literature suggested that it is important for students to identify, discuss, 
and share the strategies and approaches they used to help them understand how their approach 
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leads to their success or misunderstandings (Jin & Kim, 2018). Hence, the research questions 
that guided this action research project was: How does a collaborative learning approach and 
reflection impact the ability of 4th-grade students to identify the steps needed to solve multi-step 
word problems? Does collaborative learning support self and peer reflection in elementary 
students? 
Overview of Methods and Data Collection  
The intervention used in this eight-week study focused on a collaborative approach to 
learning in which students worked in small groups to complete multi-step word problems. For 
each session, the class was broken into small groups of three students who worked together to 
problem-solve. The class was given, on average, 15 minutes to complete the word problem and 
check their work. Then, the entire class came back together, the whole group and separate 
student groups debriefed the problem for their peers by sharing their approach under the 
document camera for everyone to see. Typically, three groups were given an opportunity to share 
with the whole-class while the other groups listened. Once students finished debriefing, I 
confirmed the correct answer and students would complete a silent reflection of their group work 
and self-participation.  
Quantitative and qualitative data were collected through a variety of means. First, student 
work samples were collected and analyzed both quantitatively (for correct strategies and 
computation) as well as qualitatively (for organization and visualization of the problem.) Next, 
researcher field notes were used to record observations of daily group work and debriefing 
sessions. Finally, students were given four independent quizzes throughout the study to capture 
progress and to measure individual growth.  
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Demographics of the Participants 
Participants for this study were taken from my general education fourth-grade classroom 
during the 2019-2020 school year. There were 32 participants in total; however, only 31 students 
were included in the results of these data as one student moved away partway through the 
study.  Additionally, parents of each student were notified by letter of their child’s participation 
in the study. All students were included in this study, regardless of their skill and ability in 
problem-solving or math computation to offer a more comprehensive analysis of the 
effectiveness of this intervention. I wanted to see not only if this intervention would be 
successful for typically developing students who demonstrated at or above grade-level 
proficiency on the state standardized testing, but also for students who were being serviced 
through the special education department and who demonstrated below grade-level abilities.  
Of the participants, four participants (12%) were on IEPs through the special education 
department that included math goals. These four students were provided daily support for 45 
minutes from a special education paraprofessional to address their specific and individual needs. 
During the intervention, however, the aide was not present; and, thus, these students worked with 
peer support only. One student received preferential partnering during group work to address 
anxiety concerns in their 504 plan. For this study, “preferential partnering” means this student 
was placed only with other students that have proven to exhibit a successful working relationship 
with this student.  
When looking specifically at the gender identified breakdown, 20 students were female 
(63%) and 12 were male (37%). The participants’ ages ranged from nine to 10 years old. There 
was one set of fraternal twins in the classroom who were purposefully separated for the 
intervention to lessen the risk of biases during peer reflection opportunities.  Thirty-one students 
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in this class spoke English as their primary language, and only one spoke Spanish as their 
primary language. This student-tested at early advanced on the most current CELDT testing for 
English language proficiency. 
Analysis of Self and Peer Reflection Journals  
After each group work session, students were asked to reflect on their team’s ability to 
effectively engage in teamwork to solve the given word problem. The survey and reflection 
questions (Appendix A) were kept in their private reflection journal. Students reflected on their 
personal impact on the group collaboration and then on the group’s effect on their practice. The 
practice of grading themselves and their group members on these criteria was to support their 
group’s development of productive discourse in subsequent collaborative conversations. Figure 1 
demonstrates the average student response to each of the reflection questions and shows whether 
students provided a specific example or only a simple yes/no answer. The majority of students 
were unable to provide a specific example to explain how they impacted the group or how the 
group impacted them. To explain, when answering “How did I hinder my team?” on average, 
only four students (14%) were able to provide a concrete example such as “being distracted” or 
“I watched them fight,” whereas the remaining students (86%) answered either “Yes, I hindered 
my team” or “No, I did not hinder my team.” There were two students who did not appear to 
understand the question, providing answers like “growth mindset” and “helped me spell,” thus 
their responses did not fall into either category. When students were asked to consider how their 
team hindered them, an average of 11 students (45%) were able to articulate a reason why their 
team held them back from success, such as “they didn’t listen to my ideas” or “talking too 
much,” while roughly 20 students (55%) were unable to provide specific reasoning.  
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Figure 1. Student articulation of their group’s behavior after completing collaborative work. 
Student responses to reflection questions were analyzed and grouped by whether they were able 
to provide specific reasoning or only a yes/no answer (n=29).  
     
Figure 2 depicts a closer look at how students viewed themselves compared to how others 
viewed their behavior within the team. When reflecting on how their own behavior hindered 
others, only four students (14%) could articulate specific examples of how they hindered their 
teammates such as “messed around” or “I was talking,” whereas 11 participants (45%) were able 
to explain how their teammates were unhelpful, using specific language to describe their 
experience such as “they didn’t explain their thinking” and “they kept fighting.” Additionally, an 
average of 18 students (60%) shared ways they were helpful towards their team such as “picked 
the method/strategy,” “I answered their questions,” and “underlining the words,” but only 12 
students (43%) could describe how their teammates’ behavior was helpful using languages such 
as “explained when confused” and “showed me some methods.”  
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Figure 2. Frequency of student responses when reflecting on the collaboration of their group. 
Student responses to reflection questions which included specific examples were included in 
comparing how they viewed themselves in contrast to their teammates’ actions (n=29). 
 
Once students thought about the collaboration aspect of their problem-solving process, 
they were asked to think critically on what they could learn from the day’s experiences 
(Appendix B). They considered how the strategies used in that session could be useful in future 
word problem stories and what they would change if they came to this problem again. 
Additionally, students reflected on any new ideas they learned and if they felt comfortable 
enough to teach this problem to someone else. Figure 3 presents a more thorough look into the 
effort given to the reflection questions in part 2 of their self and peer reflection journals. More 
than 75% of students (22 participants) were unsuccessful in answering these questions, leaving 
the prompts blank or repeating the same phrases such as “nothing” and “yes, cause it’s easy” 
repeatedly. Only seven participants (24%) appeared to provide variety and meaningful ideas to 
their reflections, completing at least three out of the four questions each session. These seven 
students answered with unique language that appeared to vary from day to day, showing genuine 
reflection on the session’s task rather than using repetitive phrases and prompts.  Some of the 
most noteworthy responses were “I am good at picking people to work with,” “I would take 
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ideas and give some,” “a vision helps,” and “letting everyone explain can lead to the correct 
answer.”  
 
 
Figure 3. Student responses to open-ended reflection questions. Student reflections were placed 
into three categories, as listed above, to determine the quality and thoughtfulness of the answers 
provided by students after collaborative group work (n=29).  
 
  Table 1 demonstrates six major themes identified by students as strategies that lead to 
their success during group work. The six strategies, or themes, that were evident throughout 
student self and peer reflection journals included: 1) listening to others’ ideas, 2) the benefits of 
smaller groups, 3) visualizing the problem first to determine the steps needed, 4) re-reading the 
problem helps to know how to solve it, 5) trying a new strategy when the problem is difficult, 
and 6) realizing that improvement in word problems is possible with a growth mindset. The 
examples included in the table show how group work is most successful when students practiced 
effective collaborative conversations with their teammates. Additionally, students reported 
specific math strategies that best supported their group such as creating a visual of the problem 
before solving and also re-reading more difficult problems to check for understanding. Students 
agreed that having a growth mindset was important in completing word problems because many 
of the tasks required them to try multiple attempts before reaching success. Another notable 
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finding was the student’s reflection on group size was directly proportional to their ability to 
solve problems accurately and efficiently. Students frequently commented that smaller groups 
(which for this study were generally three students) were most helpful, giving everyone an equal 
opportunity to share the work. As mentioned in the discussion around Figure 3, only seven 
participants were successful in articulating their experiences, providing variety, meaning, and 
thoughtfulness in their reflection. For these reasons, the data provided in Table 1 represent only 
responses from the seven students who demonstrated meaningful and thoughtful reflections for 
the majority of intervention sessions.  
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Group Work Posters and Individual Assessments  
 Students completed their daily problem-solving practice using a single poster for their 
group. They worked as a team on the same page so that each team member could contribute to 
the ideas on their poster. The word problem posters were annotated to varying degrees and 
included circling important information and underlining the question in the word problem, visual 
models to help represent the ideas/items/numbers, math calculations used, and/or a clear 
“therefore statement” representing their answer in a complete sentence. Prior to the 
implementation of the intervention, students were given a pre-test to determine the baseline of 
their skills. Twice during and once at the conclusion of the eight-week intervention, students 
were re-assessed to track progress and growth. Each group work poster and individual student 
assessment was scored on a four-point rubric (Appendix C) which can be broken down as 
follows: (1) student made a limited attempt or did not show work; (2) student showed some work 
but their answer was incorrect; (3) student showed a solid understanding and steps to solving but 
their answer was somewhat incorrect; (4) student showed all work clearly and steps to solving; 
their answer was also correct.  Figure 4 shows the average scores students received on their 
group work posters compared to their individual quizzes. For weeks 1 through 6, student group 
work scores increased over time from 2.9 points (slightly below benchmark standards) to 3.7 
points (+20%, exceeding benchmark standards.) In the seventh and eighth weeks of group work, 
scores dropped slightly to 3.3 points (-10%), which remained higher than their initial scores at 
the beginning of the intervention by 0.4 points (+10%.) Overall, students saw a nearly half-point 
increase (+10%) in their collaborative group work success and concluded the intervention with 
work that met the grade-level benchmark standards. Students’ individual assessments also 
demonstrated growth during the intervention. The average student pre-test score was 1.9 points 
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(far below benchmark standards), whereas the average post-test score was 3.7 points (exceeding 
benchmark standards), a 48% increase in student achievement. It is important to note that due to 
absences, some students were not present for all quizzes, pre/post-tests, and group work 
sessions.    
 
Figure 4. Average group work scores compared to individual student quiz scores. (N=31)  
     
Figure 5 shows how the increased use of visual models during group work impacted 
student achievement on individual tests. Each group work poster was analyzed for some 
evidence of visual modeling or organization of people and /or items important to the problem 
that would help students keep track of their ideas and calculations in a meaningful way. Student 
posters that demonstrated this sort of organization of their thinking and mathematical process 
were included in the figure below. During the first two weeks of the intervention, an average of 
23 students (73%) utilized some form of visualization to organize their groups’ ideas and math 
processes. During weeks 5 and 6, an average of 29 students (93%) practiced visual modeling of 
the word problem, a 20% increase from the start of the intervention. During the final two weeks, 
visualization dipped (-10%) although a 10% increase from weeks 1 and 2 was still noted with 26 
students (83%) demonstrating the use of visualization by week 8. Additionally, a connection 
between visual modeling and student achievement on individual tests is shown in Figure 5. This 
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finding suggests the pattern of student achievement mirrors the use of visual modeling. As the 
regular implementation of modeling increases, as does student achievement scores. This trend is 
true for all weeks of the intervention except for the final two weeks in which student post-test 
scores continued to rise while visual modeling in group work declined.  
 
 
Figure 5. Visualization used in group work in relationship with the scores of individual 
quizzes.  Student group work was analyzed for the use of visual models and the organization of 
ideas. The growth of visual models was then compared to student achievement on individual 
quizzes (N=31).  
 
In Figure 6, the four special education students (SPED) with individualized educational 
plans (IEPs) were monitored for growth by analyzing their scores on individual quizzes 
throughout the eight-week intervention. During the pre-test assessment, these students 
demonstrated an average score of 2.0 points, which results in 50% proficiency (below 
benchmark standards.) At the conclusion of the study, the average score for these participants 
was 4.0 points, 100% proficiency (exceeding benchmark standards.) It is important to note that 
all SPED students were present for each individual quiz except for the post-test, where only two 
scores could be reported. All four SPED students' individual quiz scores were compared to their 
group work scores to determine if a connection could be drawn between success in group work 
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and individual progress. It is important to note that the groups in which these four students 
participated had lower than average accuracy and achievement: during weeks 1 and 2, their 
average group work score was 0.25 points (far below grade benchmark); weeks 3 and 4, their 
average group work score was 0.75 points (far below); weeks 5 and 6, their average score dipped 
(-0.07 points) to 0.67 points (far below); weeks 7 and 8, their average score dropped further (-
0.08 points) to 0.58 points (far below.) Nevertheless, these four students saw an overall 
achievement growth in their individual assessment scores of 2.0 points, a 50% increase overall, 
demonstrating an average score of 4.0 points on their post-assessment (exceeding benchmark 
standards.) 
 
Figure 6. Special education student achievement was monitored over the eight-week intervention 
and compared to their group work scores (n=4).  
 
Researcher Field Notes 
 During group work sessions, I maintained a journal of field notes to monitor and record 
the general conversations and strategies being used among students. The purpose of the field 
notes was to identify, from a teacher’s perspective, the level of productive conversations being 
had around the classroom. I was also interested in analyzing the various strategies used in the 
different groups and if students were able to explain their thinking effectively with the whole 
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class, during debriefing sessions. My field notes were important for recording my observations 
of perceived engagement levels when participants were grouped using various methods, either 
randomly, teacher-selected, or by student choice.  
Some of the most notable findings occurred during post group work debriefing sessions 
when student groups were provided an opportunity to share whole-group how they came to their 
answers. Generally, nearly 100% of student groups (an average of 11 teams) demonstrated 
interest in sharing their posters and discussing their thinking with the whole-class. Students were 
often energetic in raising their hands for an opportunity to present and attentive to their 
classmates who shared. Student groups who shared their work were able to articulate the 
strategies and methods they used, explaining to classmates what they did, step by step. Students 
in the audience listened quietly and offered compliments or feedback to their classmates after 
each group presented, providing remarks such as, “What really stood out to me was the way you 
organized your work” and “What helped me understand was the way you drew a bar model to 
show your thinking”.  
  During debriefing sessions, I often observed students struggling with determining 
vocabulary to describe the methods they chose as they were not always able to explain the names 
of the strategies. It was common for some group members to be passive bystanders in debriefing 
their work as only one or two students from the team shared the group’s approach. Typically, 
two students seemed very knowledgeable on the steps taken to problem solve while one student 
remained at their seat or stood by without adding to the team’s explanation.  
  Another interesting discovery came in the way groups were selected. At the beginning of 
the research project in weeks 1 and 2, groups typically numbered four students each, leaving one 
student on a side of the poster reading upside down. I observed disengagement from an average 
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of eight students (25%), approximately one student from each team. I later observed that having 
smaller groups of three students allowed each student to see the poster clearly, encouraging a 
more equitable distribution of work. Students appeared more engaged and nearly all students 
were equally participating in a collaborative conversation around the word problem task when 
the groups were limited to three participants. There were still, at times, students that were not 
sharing ideas or asking questions and these students seemed to remain the same students 
throughout the entire eight-week intervention.  
In another observation, I noticed there were some days that partnerships were less 
productive than others, especially when groups were chosen by a random selection app or 
decided on by the teacher. Group members tended to have a more positive attitude towards the 
word problem, be more on task, and collaborate better when given a choice with whom they 
wished to work. During some sessions students were given a choice to create a team of three 
from any students in the entire class; other times, they were instructed to create a team of three 
from the smaller table team (of six students) that they already sat with, which were 
heterogeneously mixed by ability. I noticed that when given the chance to select teammates from 
the whole class, while they are more likely to choose people they got along with, there usually 
were several groups that seemed frustrated or confused. This was especially true for my four 
SPED students who often chose to work together. Without a teammate who demonstrated grade-
level proficiency, based on district and statewide assessments, these groups were less successful 
in visualizing the problem or taking the correct steps to solve. For other sessions, students were 
allowed to choose their partners, but it had to be from the mixed ability team they were already 
assigned. These groups engaged in the work productively and efficiently and rarely became off-
task. I observed collaborative learning with fewer instances of arguing or confusion.  
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When debriefing whole-class, there was generally be time for three groups to debrief and 
then, once all groups were finished, I clarified the answer. During the debriefing session, when 
students in the audience recognized an error in the presenting team’s work, they typically raised 
their hand silently and offer corrective feedback. The presenting team then corrected their work 
under the document camera with the help of the audience. This happened frequently, as groups 
were selected at random, using a student selection app, for sharing, as opposed to being selected 
in advance by the teacher for having error-free work. I observed that the majority of presenting 
teams were willing to take corrective feedback from the audience, when appropriate, and edit 
their work collaboratively under the document camera for the class to watch.   
Summary 
  The purpose of this action research project was to determine if a collaborative approach 
to word problems could close the achievement gap between student mathematical computation 
skills and multi-step problem-solving abilities. An intervention that included group work, whole 
class debriefing, and self and peer reflections occurred over eight weeks. Four data gathering 
techniques were utilized including pre/post assessments (along with two interim quizzes), group 
work posters, self and peer reflection journals, and researcher field notes.  
Quantitative data were collected through individual assessments and group work posters. 
Qualitative data were derived from student reflective journals, researcher field notes, and a 
careful analysis of group work posters and assessments for visualization strategies. When 
synthesizing the data presented from these sources, I observed growth in individual achievement 
on multi-step word problem assessments after participating in the collaborative group work 
intervention. Data on the impact of self and peer reflection on collaboration were less conclusive; 
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it was unclear whether data from this study had a positive effect on student achievement or 
collaboration with others.  
In the final chapter of this action research paper, I will further discuss the results of these 
data and the intervention. I will look back at the research presented in the literature review and 
compare those findings to the findings of this study. Finally, I will discuss the implications of 
this research and the next steps I may take in future research as a result of this intervention and 
my work as a transformative teacher leader.  
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Chapter V 
Conclusions and Next Steps  
         In education, there is an abundance of difficulties that we, as teachers, attempt to tackle 
every year. We work diligently to meet the needs of our students with creative approaches, new 
strategies, and reflective teaching. While some struggles are grade and age-specific, word 
problems trouble students of many different ages and ability levels (Sparks, 2018). Jo Boaler and 
Carol Dweck (2015) both agree that students thrive in environments where positive language 
encourages students to see the potential within themselves, given enough effort and 
determination to succeed. Mathematical mindset theory also supports the effectiveness of student 
self-reflection as a tool to help them determine which strategies are most effective for future 
learning (Boaler & Dweck, 2015). Along with mathematical mindset theory, Vygotsky speaks to 
the effectiveness of expert-novice student relationships that work together, through collaboration, 
to negotiate a shared understanding. His theories depict the benefits of cooperative learning and 
provide solid reasoning for which group work and collaborative conversations should be utilized 
in the classroom (Vygotsky, 1987). 
According to the California Assessment for Student Performance and Progress 
(CAASPP), in 2018, only 22% of fourth-grade students in California tested proficient or higher 
on problem-solving and word problems.  Problem solving also proved to be difficult for the 
students who participated in this intervention. While the fourth-grade students at the school 
where the study was conducted showed 45% proficiency in mastery of concepts and procedures 
(which is much higher than the state average of 29%), their scores in problem-solving remained 
low at only 29% proficiency (CAASPP, 2018).  With this information, along with several years 
of teaching experience that paralleled these struggles, I became invested in minimizing this 
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achievement gap for the students in my classroom, leading me to design the intervention 
explored in this action research project.   
Collaborative conversations and reflective learning were the prominent strategies used in 
tackling word problem achievement in my fourth-grade students. This intervention was 
developed after a look into relevant research around the area of problem solving, group work, 
and metacognition in math. Research points to the efficacy of students thinking critically about 
the work they do with others while they analyze the effectiveness of the tools and strategies that 
supported them in problem-solving (Jin & Kim, 2018). Other research reported that visualization 
and model method strategies for word problems would benefit students in determining whether 
addition, subtraction, multiplication, or division would best help them to solve (Hord, Casey, 
Xin, & Yang, 2013). Therefore, using this research, along with the growth mindset, 
mathematical mindset, problem posing, and social learning theories described earlier, I believed 
multi-step word problem achievement could be increased through a collaborative group approach 
that offered opportunities for students to regularly share their thinking and examine their ideas 
for effectiveness in future work. This approach led to the following investigation: How does a 
collaborative learning approach and reflection impact the ability of  fourth-grade students to 
identify the steps needed to solve multi-step word problems? Does reflective learning support 
collaboration in elementary students? 
Chapter IV presented the findings of each data source used in this action research project. 
These data show that a collaborative approach to word problems, along with opportunities to 
share group thinking whole class, are effective means by which students can improve their 
ability to solve multi-step problem-solving stories. Data on the efficacy of self and peer 
reflection on collaboration were less conclusive, and it was unclear whether this strategy had an 
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impact on student achievement or group work. THe current chapter is organized into the 
following five sections: summary of findings, interpretation of findings, reflection on limitations, 
summary, and plan for future action. In the first section, summary of findings, data from the 
following sources will be discussed: self and peer reflection journals, group posters and 
individual quiz scores, and research field notes. The subsequent section will present an 
interpretation of these findings organized into four themes. In the final section, the limitations of 
this study, a summary of this project, and my next steps as a transformative teacher leader will be 
discussed. 
Summary of Findings 
         A triangulated approach was used to obtain data to determine if collaborative group work 
and self-reflection could have an impact on fourth-grade students’ abilities to problem-solve 
when given a multi-step word story. This mixed-method study used both qualitative and 
quantitative measures to analyze the data collected. Student data were collected through group 
work posters (Appendix B), individual quizzes (Appendix C), self and peer reflection journals 
(Appendix A, Appendix B), and researcher field notes. All students in my general education 
class participated in the study (N=33); however, data from just 31 students (n=31) were included 
as one student moved and another student joined the class after the intervention had begun.   
 Before the intervention’s implementation, a pre-test was given to individual students to 
determine a baseline of skills for multi-step word problems. For each intervention session, 
students worked in small groups (usually three members total) for approximately 15 minutes to 
collaborate and solve a multi-step word problem. Students were also asked to record their 
thoughts on a poster for collective discussions. Then, the class came back together for a 10-
minute debriefing session in which volunteer groups were provided an opportunity to share their 
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thinking and poster with the whole class. The audience provided feedback with compliments, 
clarifications, or corrections, when appropriate. The session ended with a five-minute silent self 
and peer reflection in their journals. This reflective activity gave students a chance to think about 
how they participated in the group and how the group impacted their ability to be successful.  In 
addition to the pre-test, the eight-week intervention included two individual quizzes to mark 
progress and a multi-step word problem post-assessment at the conclusion of the study. 
         Self and peer reflection journals. Results from part 1of the self and peer reflection 
journals (Appendix A) offered insight into the ability of students to articulate how the team’s 
collaborative efforts supported, enhanced, or discouraged success in solving the word problem. 
Data indicated that when students were asked to consider how they impeded the learning of 
others, only four students (14%) successfully articulated specific reasoning. In contrast, when 
reflecting on how others impeded their learning, 11 students (45%) were able to explain how 
their team hindered them. Despite students’ difficulty in describing how they hindered their 
team, they were most successful in sharing specific reasons for how they helped their team. To 
explain, on average, 18 students (60%) could provide concrete reasoning for how each of them 
had helped their team, even when only 12 students (43%) could say how their team helped them. 
         Other notable findings were found in part 2 of the reflection journals (Appendix B.) 
These open-ended questions provided me, as the researcher, insight into the ability of students to 
both reflect on their collaboration with others and to articulate how improvement could be made 
in subsequent group work sessions. For this task, fewer students were able to give clear 
reasoning that appeared genuine and unique for each session. On average, only seven 
participants (24%) answered three out of the four questions with specific examples and 
variety.  This meant that 22 students (76%) either left most of the questions blank, wrote words 
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like “nothing,” or answered using the same phrase(s) repeatedly from session to session. 
However, when carefully analyzing the work from the seven students who did engage 
meaningfully with this task, many important themes, or lessons learned by the students emerged. 
Their reflection journals indicated that listening to others’ ideas helped find the right answer, 
smaller groups were most effective for collaboration, and visualizing the problem first helped 
with determining the necessary steps. Also, the participants expressed that re-reading the 
problem could enable the discovery of how to solve it, trying a new strategy when the problem is 
difficult is helpful, and that, overall, they could improve at word problems over time. 
         Group work posters and individual assessments. Throughout the eight-week 
intervention, improvement was noted in the data for group work and individual assessment 
scores. When the intervention began, group work scores in the first two weeks averaged 2.9 
points, meaning the class as a whole was below benchmark standards. At the conclusion of the 
study, group work scores had increased by 0.4 points (+10%) with groups averaging 3.3 points, 
meeting benchmark standards. Student groups saw the greatest success in weeks 5 and 6 when 
scores averaged 3.7 points, exceeding benchmark standards. The data for these two weeks 
included only two group work sessions total, whereas during most weeks, students met for 
collaborative work three or more times. 
         As group work scores rose, so did the students' individual assessment scores. The average 
pre-test score was 1.9 points (far below benchmark standards) whereas the average post-test 
score was 3.7 points (exceeding benchmark standards), a 48% increase in student achievement. 
My students on individualized educational plans (IEPs) also saw marked growth over the course 
of the study. Their initial pre-test score averaged 2 points, which means that these individuals 
often showed effort in trying to solve the problem but chose an incorrect strategy that did not 
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lead to success. By the end of the  eight weeks, students with IEPs averaged 4 points on their 
final assessment, meaning they understood which strategy to choose and solved with correct 
math calculations. 
         Another significant finding was in the improvement and use of visualization and 
organization of work over the length of the research project. Each group work poster was 
carefully analyzed for pictures, bar models, or lists of important people/items/ideas with key 
numbers notated. Group posters that demonstrated visualization were associated with assessment 
scores to determine if a connection could be drawn between the two data sources. At the 
beginning of the intervention, in weeks 1 and 2, 73% of groups (23 students) used some form of 
visualizing. At the height of the intervention, in weeks 5 and 6, 93% of student groups (29 
students) showed evidence of organization and/or picture models on their posters.  In the final 
two weeks of the intervention, the presence of visual models dipped (-10%); however, an 
average of 26 students still demonstrated consistent use of visualization during group work. As 
visualization increased, so did student test scores. As mentioned earlier, student assessment 
scores increased by 48% (+1.8 points) over the course of the study, with a final average score of 
3.7 points (exceeding benchmark standards.) 
         Researcher field notes. Observations during group work collaboration revealed that 
teams larger than three students typically left one student disengaged in the task. While three 
students could see the work easily from the same angle, additional group members struggled to 
see the problem and/or have their ideas added to the poster. Groups that had three members 
generally listened more carefully to each other’s ideas, asked questions when confused, and 
equally distributed the written work. Also, students appeared to be more positive and 
encouraging about the work when given autonomy in choosing their partners. To explain, 
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students worked together with less arguments and appeared to collaborate more equally when 
they had the freedom to work with any students within the classroom. I observed that when 
allowed to choose group members from anyone in the entire class, some of my SPED students 
congregated together and demonstrated lower achievement levels than their peers. This could be 
seen through their group work scores. Groups that consisted only students on IEPs often did not 
know which step to complete first and got the answer incorrect while their peers in other groups 
had more success. In contrasting, when students were allowed to choose their partners from 
among the heterogeneously mixed table group they were assigned, they still appeared positive 
about the task but the ability level of students in each group was more consistent. 
After group work was complete, whole class debriefing sessions provided insight into the 
engagement of students through their willingness to participate in sharing strategies, methods, 
and feedback with the class. Generally, 100% of teams raised their hands to share their work, 
although time typically allowed for just three out of 11 teams to present. I observed that when 
teams presented, usually only two-thirds of the group would explain their thinking, point to 
visuals used, or respond to questioning from the audience. This left at least one student either 
standing nearby quietly listening or remaining seated. Also, while the audience offered critical 
feedback, sharing areas of confusion, misunderstanding, or offered praise for clearly organized 
work, generally the same students volunteered each session. 
Interpretation of Findings 
         These findings suggest that collaborative learning is an effective strategy for supporting 
students’ growth in problem-solving as well as increasing engagement. In contrast, these data 
also suggest that self and peer reflection may not have a positive impact on collaboration as it is 
challenging for young learners to articulate the ways their group helped or hindered their 
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success. The interpretation of the findings will be presented in themes to examine how 
collaboration and reflection impacted student achievement in solving multi-step word problems. 
        Centering student voices fosters growth mindset. Research from this study supported 
collaborative learning and its impact on developing a growth mindset. Evidence for this theme 
can be found in part 2 of the self and peer reflection journals (Appendix B) as well as the 
researcher’s field notes. Students shared in their journals how their group worked together to try 
new strategies when their efforts had been unsuccessful. Instead of giving up, students found 
resources to support their understanding and shared thoughts in their journals that prove this as 
they wrote, “sometimes using a new method helps a lot,” "maybe attempt to try new strategies 
and stay more focused,” and “check our work using a different strategy.” These comments in 
their reflection journals, which were completed after collaboration with their group, suggest 
students persevered and increased their stamina for difficult problems by finding new approaches 
when they were challenged. 
         In addition to these findings, my researcher field notes provided evidence that students 
were capable of collaborating with their peers to correct their work. Instead of teacher-directed 
feedback, students supported each other’s learning.  During whole-class debriefing sessions, as 
teams presented their posters and methods, the audience regularly provided feedback that either 
complimented the efforts of the presenting team or offered suggestions to correct mistakes. The 
presenting team was typically able to listen calmly to their classmates’ critique and then correct 
their work. Sometimes, the audience would coach the presenting team, step by step, through 
revising their answer or strategy. This symbiotic relationship in which students helped other 
students to find success, demonstrated the power of collaborative learning and its effect on 
developing an attitude of perseverance. The reflections found in both the student journals and 
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researcher field notes demonstrated the positive impact collaborative conversations had on 
students as they became the teacher, gained confidence in overcoming challenges together and 
developed a growth mindset approach to difficult problem-solving scenarios.  
These findings confirm the expectations of Carol Dweck’s and Jo Boaler’s theories. To 
explain, Carol Dweck (2006) makes clear that ability is not decided by genes, but rather that the 
amount of effort and focus given to a skill or academic area will determine a person’s success. 
Dweck (2006) wrote that stamina for learning difficult topics can increase over time when 
teachers promote positive thinking in their classrooms with language that supports a growth 
mindset. Students have to be taught to turn their negative thinking patterns around and think 
about what they can do instead of what they can’t do, using self-talk phrasing such as, “We 
might not know this yet, but we can try another strategy” or “I will get this eventually, I just have 
to keep trying.” 
         Dweck also worked alongside Jo Boaler to develop Mathematical Mindset Theory which, 
in addition to using growth mindset language, places the student at the center of the work, rather 
than the teacher. Boaler and Dweck’s (2015) work depicts the importance of providing 
opportunities for students to experience a productive struggle, noting that it is valuable for 
students to be challenged and to work together, relying on collaboration with their peers rather 
than their teacher, to overcome difficult math problems. Dweck adds that when teachers provide 
too much help, it limits student achievement and takes away opportunities for students to 
experience success with something they initially thought was too hard, which could help them 
develop a genuine growth mindset.   
         Student-led teaching supports engagement. My researcher field notes, which were 
used to capture collaboration among peers during group work and debriefing sessions afterward, 
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suggest that when students were offered opportunities to teach others, they demonstrated high 
levels of engagement. During group work, students became the teachers and supported each 
other through difficult tasks. They took on the responsibility of searching for tools, resources, 
and help rather than solely relying on a teacher to provide direct instruction. I witnessed students 
encouraging others to refer their math notes, multiplication charts, and other posters around the 
room when confused. In these instances, students relied more heavily on each other rather than 
their teacher as they engaged in problem-solving.  With this model, almost all students 
participated in helping their team work through the word problem. It was rare to see students not 
helping. Even when I thought one team member was disengaged, after inquiring about the 
distribution of work, the students were quick to show me which part of the poster had their 
handwriting and how they had helped their team. 
Additionally, in analyzing my field notes, most student groups were energetic about 
sharing their work with the whole class. Typically, groups had at least one (usually more) 
member who wished to share their thinking with the whole class during debriefing sessions. I 
relied on student selection tools to provide an equitable method of choosing which groups could 
share, as the level of engagement and interest was nearly 100% of student groups. When teams 
shared, they were able to describe their approach, strategies, and answers while the audience 
listened. The audience was engaged in critical feedback after each group, sharing 
compliments (“I like the way you used a bar model to show your math”) and corrections, as 
needed (“Can you explain why you thought______.”) Groups that were presenting were open to 
correcting errors in front of the class with help from their audience. The engagement level during 
these debriefing sessions suggests that when students take the leading role in their learning, they 
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are more willing to teach others, listen, offer feedback, and participate in the problem-solving 
process. 
Research by Vygotsky (1987) similarly supports this idea that students can be the 
teachers, taking on the role of experts in peer-to-peer learning experiences. Vygotsky theorized 
that when students work together to negotiate meaning, one student takes the expert “teacher” 
role while another the novice “student” role (Vygotsky, 1987). This sort of student-led teaching 
places their voice and ideas at the center of the task and demands engagement in order for them 
to find success as the teacher is not the primary holder of all knowledge. In this research study, 
student voice was essential for success and promoted engagement at every level of the 
intervention, in both group work and debriefing sessions. Students were responsible for teaching 
each other strategies for solving while in collaborative small groups but also when working 
whole-group. Teacher voice was not important; strategies were not supported or encouraged by 
the teacher, rather students relied on their peers for help when confused or unsure how to 
problem-solve. 
Additionally, Boaler’s work with Dweck proposes that if children are not provided 
opportunities to overcome challenging math experiences, with teachers placed in a supportive 
role rather than the leading role, educators will limit student potential. Boaler’s Mathematical 
Mindset theory also asserts that students need to become comfortable with struggling in order to 
succeed; thus, teachers should allow students to engage in math tasks with limited teacher 
direction (Boaler & Dweck, 2015). When students are challenged to work together, leading the 
discussion with their thinking, engagement is essential. In this study, researcher field notes 
suggest that engagement was enhanced by utilizing Boaler’s approach. As the teacher, I offered 
encouragement but did not lead student discussions. In doing so, participants relied on their peers 
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for help when they struggled and took ownership of their work. Field notes also suggest that 
students were engaged in debriefing their work because they were given an opportunity to 
become the teacher of their entire class. Their excitement and engagement was evident; the high 
number of student groups who volunteered each debriefing session (on average, nine or more 
teams) demonstrated that student groups were not only engaged but also capable of explaining 
their thinking and strategies to others.    
Finally, research by Garcia-olp et al. (2017) indicated the ways which teachers group 
students for collaboration has an impact on perceived intelligence and abilities. Their findings 
suggest that students may work best when grouped in ways that are not determined by their skill 
level, as students generally can determine which ability group they’ve been assigned, 
deteriorating self-confidence for many young learners. For this reason, students were not 
assigned groups based on ability but were either assigned by a randomizing group making tool or 
allowed to choose their partners. This is significant because there were many implications in the 
researcher's field notes to support the idea that students can have success in a variety of group 
structures. Students appeared to be the most engaged when they were allowed the free choice to 
work with others, rather than being assigned partners. I expected this to cause more off-task 
behavior; however, students typically finished their work efficiently and with a positive attitude. 
Even when students chose their teams, a student leader typically emerged organically, and the 
group members participated equally. 
Reflective learning is difficult for young learners.  Data from the student reflection 
journals suggest that the young learners in this study had trouble reflecting on their own 
collaborative efforts after group work was complete. Most often, participants struggled with 
explaining how their teammates impacted the group’s success. The data in the reflection 
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questions revealed that most students were unable to provide concrete reasoning to explain how 
they or their team negatively impacted their learning. When asked to respond to questions that 
prompt students to use an example to support their thinking, they often replied with only a “yes” 
or “no.” This evidence suggests that students were unable to articulate their feelings about how 
the team struggled as a result of the group’s behavior or even their own choices. In contrasting, 
students were successful when sharing specific reasoning regarding their positive contributions 
to collaboration. To explain, the question, “How did I help my team?” elicited the highest 
number of responses that included clear reasoning and examples. Responses in which students 
indicated phrases such as, “Yes, I helped” or “I felt that I helped my team great,” suggest that 
students could elaborate more on how they participate in cooperative learning. The data from 
these reflection questions hint that young learners can journal or write positive feedback about 
themselves, after completing work, though negative critiques of themselves or others are 
challenging. 
When I compare these findings from reflection responses to my researcher field notes 
during debriefing sessions, it is interesting to contrast the number of students who shared oral 
feedback after teams presented their work. While there was high engagement from the audience 
in terms of attention and focus, there were typically only 3-5 students who offered the presenters 
compliments or suggestions for improvement. Even when the consensus of the audience was that 
the work presented was incorrect, few students could explain what part of the presenting team’s 
approach was wrong.  This leads me to believe that students at this age, roughly 9 and 10 years 
old, are capable of simplistic reflections like “Did the team help you, yes or no?” or “Did the 
team hinder your success, yes or no?” but are unable to point to specific evidence in the work of 
others. 
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Based on the work by Boaler and Dweck (2017) I was surprised my students struggled so 
much with the reflection piece of the intervention. Boaler’s research indicates that self and peer 
reflection is a valuable tool to support a growth mindset and collaborative learning. Mental 
mindset theory empowers students to focus more on their improvement over time through the use 
of reflective learning, rather than a traditional grading system (Boaler & Dweck, 2017). In my 
classroom, with the young learners participating in this intervention, the majority of their self and 
peer reflections lack meaningful and specific ideas; often they repeated the same phrases or 
answered the questions incorrectly. The findings from a study by Jin and Kim (2018) also 
indicated that learners benefit from self-reflection after collaboration, especially when they had a 
positive attitude about the group members selected for their team. The students in their study 
were slightly older, fifth and sixth graders. I am also curious if the language used in the questions 
was too challenging to elicit meaningful reflections from my students. Since the studies that I 
reviewed around reflective learning were used with students older than the participants in my 
study, it was difficult to determine questions that would be appropriate for their age and abilities. 
Therefore, based on the data in this study, because some students were able to complete 
meaningful self-reflection while most were not, it can be implied that reflective learning is more 
developmentally appropriate for older students. 
Despite their struggle with reflective learning, the average class group work and 
independent assessment scores improved by the conclusion of the study. These data suggest that 
for my students reflective learning did not impact their success in problem-solving, either 
negatively or positively. Rather, the data implies that, for younger students, metacognition and 
self-reflection may need to be explicitly taught and developed over time. 
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Re-reading and visualization support student success in problem-solving. A 
conclusion that can be interpreted from the data is that when students practice re-reading word 
problems to clarify their understandings, and when they utilize visualization techniques to 
organize their thinking, it promotes success in problem-solving. A comparison between 
individual assessment scores and visuals used during group work demonstrated that as groups 
began to use models more frequently to keep numbers, facts, and important items in the word 
problem organized, independent student achievement also improved. Groups sometimes used 
visual methods, like bar models, which have been suggested as a tool for helping students decide 
which operation(s) to choose, as opposed to a keyword approach (Hord, Casey, Xin, and Yang, 
2013). Students were introduced to this strategy throughout the year so it was encouraged as a 
strategy when problem-solving. In student reflection journals, it was clear that students 
understood the value in visualization. They commented on ideas such as, “drawing a picture can 
help you,” “make a picture so I understand it better,” and “bar models are really useful in hard 
problems.”   Most often, after a careful look at their posters, it was clear that students listed the 
main people or items, using equal signs to signal that number was needed in order to solve. Then, 
as they worked through the problem one step at a time, students would record the number 
associated with each item. This visualization strategy was the most common and required less 
teacher direction to set up than bar models and also supported independent problem-solving. 
In addition to visualization, students commented that a useful method for problem-
solving was re-reading the problem. Students reflected in their journals that, “you have to re-read 
the problem to see if it was division, multiplication, addition, or subtraction.” This quote shows 
that students understood that it can be necessary to re-read the problem with your focus solely on 
identifying which operation(s) needed to be used. Additionally, they wrote, “re-read and make 
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sure to see if it sounds correct.” This quote was significant because in my researcher field notes I 
recorded instances in which students did take the numbers from each step and compare them 
back to the word problem to determine if they made sense in the story. For example, there were 
several problems with phrases such as “Sue has three times as many cookies as Tom. Joe has half 
as many cookies as Tom. If Tom has 10 cookies, how many do they have altogether?” In these 
kinds of math stories, students recognized that to double-check their work, re-reading the 
problem with their potential solutions was a helpful way to make sure their work was accurate. 
Finally, in their reflection journals, students also discussed that when a problem was challenging, 
re-reading it many times can help lead you to the correct answer. One student wrote, “I would re-
read the problem again and again until I figure out the answer.” This excerpt shows that students 
were using the re-reading strategy when they were confused or unsure of what to do next because 
it was a strategy that was bringing them success in problem-solving. 
Furthermore, research around re-reading and visualization shows that both are tools that 
greatly support students with disabilities, such as the four students in my classroom who were on 
IEP’s during this intervention. A study by Zhu (2015) indicated the efficacy of cognitive strategy 
instruction (CSI), an approach where students read the problem three times, each time for a 
different purpose. First, they read for a general understanding; then, students read to be able to 
put the problem into their own words and to identify keywords; finally, they read to begin to 
build a visual model. That study showed marked improvement for all students, but most 
especially students with disabilities (Zhu, 2015). This action research project did not explicitly 
focus on a CSI approach but it is clear, from researcher field notes and student reflection 
journals, that students practiced these similar components. Specifically, students re-read for 
understanding when needed, circled keywords, and often developed visual models to support 
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their planning and solving process. The positive effects of CSI as discussed in Zhu’s (2015) 
study were also mirrored in this study as the four students on IEP’s saw significant growth in 
achievement. Their assessment scores improved drastically and the average score on the post-test 
assessment was 100%. These data imply that when students re-read and develop a visual model 
to help organize their thinking, achievement in problem-solving can be improved. 
Reflection on Limitations 
         This action research project took place over 10 weeks (although the intervention was only 
implemented for eight weeks total.) This was due to a high number of student absences, roughly 
40% of students, between weeks 6 and 7. To minimize the effects of disproportionate student 
participation and practice, the intervention was paused for two weeks until absences returned to a 
typical number.  Although significant progress was made in word problem achievement over this 
short period of 8 weeks, a longer study in which students were provided more time to develop 
their independent reasoning skills is recommended. 
         Another limitation of this study was how word problems were selected for collaborative 
group work and independent assessments. It was challenging to choose problems that were 
consistently difficult. There were intervention sessions where the word problems were more 
difficult than I had anticipated, as well as sessions when word problems were easier than 
expected. The most consistent factor was that word problems were only selected if they involved 
two or three steps and operations that we had previously learned in class (addition, subtraction, 
multiplication, division, and fractions.) The intervention may have resulted in more accurate 
results had the word problems been attempted beforehand by the teacher to determine a clearer 
understanding of the level of challenge that could be expected.   
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         A final limitation of this study was the I assumed the roles of both teacher and researcher. 
This may have caused students to work together more agreeably, knowing that their behavior had 
implications in our classroom that could result in communication with their parents or a loss of 
privileges. Had the study been implemented by a neutral third party, the students may have 
behaved differently as expectations of behavior would not be a factor. Moreover, as the teacher-
researcher, student responses to reflection questions or their engagement in debriefing sessions 
could have been impacted by my presence in the classroom. Students might have shown higher 
levels of engagement as a result of my presence and participation. Finally, student demographic 
and achievement levels may make results incomparable to other schools that have different 
student populations. 
Summary 
         As a fourth-grade teacher for six and a half years before the implementation of this 
intervention, I observed many of my students over the years struggle with multi-step word 
problems. When asked to problem solve, they often appeared confused, overwhelmed, and 
disengaged in the task. When I considered addressing this issue in my classroom, it became clear 
that this issue was worth my efforts when I reviewed achievement on the 2018 CAASPP 
standardized assessments. These assessments revealed that while students in fourth grade at my 
site were most proficient at computation skills, less than 30% demonstrated mastery in solving 
word problems (CAASPP, 2018). This led me to begin an investigation into problem-solving 
strategies and collaborative learning strategies that I could use in developing an intervention that 
addressed the word problem achievement gap at my site. 
         Research into problem-solving strategies uncovered the efficacy of model methods and 
visualization for all students and especially those with learning difficulties (Zhu, 2015). Further 
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research into collaborative math revealed the use of a shared electronic work surface to 
encourage conversation and engagement (Jackson et al., 2013). That idea was adapted for this 
study’s intervention and inspired the use of large poster paper as the shared workspace for group 
members to problem solve, together. Other research into problem-solving techniques discussed 
the value of metacognition and debriefing student work as a means of helping students 
understand which methods could lead to future success in problem-solving (Jin & Kim, 2018). 
         The theoretical rationale for this research project incorporated Lev Vygotsky’s social 
learning theory (1987), Paolo Freire’s problem-posing education theory (1970), Carol Dweck’s 
growth mindset theory (2006), and Jo Boaler and Carol Dweck’s mathematical mindset theory 
(2015) to develop an intervention based on collaboration and reflective learning. According to 
Vygotsky (1987), student growth in achievement occurs when they are provided opportunities to 
work with their peers and develop knowledge together. In addition, Dweck (2006) proposed that 
children who experience challenging learning experiences along with the encouraging support of 
educators develop perseverance skills that promote positive thought patterns when they 
encounter challenging scenarios in the future. These positive thought patterns help children 
believe in their growing abilities to succeed, rather than assuming skills are fixed at birth and 
incapable of improvement. Finally, Boaler and Dweck worked together to develop a mental 
framework for mathematics learning that implores the use of student-led teaching, collaboration 
with peers to solve difficult math problems, and reflective learning through journaling and 
metacognition (Boaler & Dweck, 2015). 
         This eight-week action research study and intervention explored the impact of 
collaborative learning, along with self and peer reflections, on multi-step word problem 
achievement. Each intervention session began with a word story provided to small groups of 
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students. Students worked together to read, plan, and solve the given problem. Afterward, 
student groups volunteered to present their approach whole class while the remaining students 
offered feedback in the form of compliments, clarity, or critiques. Each intervention session 
concluded with a self and peer reflection opportunity that students completed independently in 
their journals. Before the eight-week study began, each student was given a pre-test to determine 
baseline skills in problem solving. Throughout the study, as well as after the  eight weeks, 
students were given additional assessments to track progress and growth. 
         The data in this study revealed that collaborative learning, that promotes student-led 
teaching, improved the word problem achievement scores of the fourth-grade participants. As 
most students struggled to articulate their feelings thoroughly or in a meaningful way, I was 
unable to find evidence that supported the positive impact of self and peer reflection on student 
collaboration. Limitations of time, student attendance, and selection of word problems with a 
consistent level of challenge suggest that more research into the impact of collaboration and 
reflection learning on young learner’s achievement in problem-solving is recommended. 
Plan for Future Action 
         A careful look at the assessment scores, reflection journals, and researcher field notes 
have proven to be not only informative but also inspirational as an educator. The experience of 
tackling such a challenging topic that I’ve seen overwhelm students throughout my professional 
career has given me a new vantage point from which to view difficulties in the classroom. Word 
problems were an area that brought much stress to students in years past and certainly did not 
previously elicit feelings of excitement or teamwork. Although mathematical problem solving 
has been area that I’ve wanted to offer better support to students, I did not have the expertise to 
implement a strategy that would positively impact their problem solving skills.  As I move 
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forward with the knowledge and experience of this research project, I plan to introduce a variety 
of collaborative math opportunities for my students that promote problem-solving through group 
work. I will continue to allow students to take the lead in their learning while providing ample 
time for them to teach others the methods and strategies that bring them success. Collaboration 
and student-led teaching will be the cornerstone of my math classroom.  I hope to inspire and 
encourage students to develop confidence in their ability to persevere through challenges and to 
enjoy the productive struggle that comes with developing a growth mindset in math. 
         As a transformative teacher leader, my work will not end with this intervention. I plan to 
continue my research into reflective learning. After reading Jo Boaler’s work, I was encouraged 
by her approach to offer critical feedback to students, rather than traditional grading (Boaler& 
Dweck, 2015). I will be learning more about her approach to feedback and implementing this 
strategy in my classroom, specifically for math, next school year. I am curious to see how 
specific feedback, rather than a grading system, may promote a growth mindset and 
perseverance. Additionally, I would also like to see if this can be applied to other subject areas, 
especially language arts and writing. In my experience, many students struggle with developing 
their writing skills and are often hyper-focused on their grades rather than their progress. Could 
Boaler’s feedback method help to close the writing achievement gap for my students? This novel 
approach to feedback is something that I am fascinated by and hopeful about implementing in 
my classroom. 
         If I were to implement this intervention again, which I plan to continue doing next school 
year, I would explicitly teach collaborative group work strategies. I would train students in the 
ways they should discuss their thinking or share disagreement. Although we touched on this in 
my classroom and we have sentence frames visible to support student conversations, more time 
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at the beginning of the year needs to be spent on ensuring students understand expectations of 
collaborative behavior. Also, when I do this again next school year, I will begin with simple one-
step word problems, focusing only on one operation at a time to support a growing confidence in 
their ability to problem-solve. I would also be interested in transitioning to a more problem-
solving based classroom in which all of our practice for addition, subtraction, multiplication, and 
division are done in the context of collaborative problem solving.   
         The participants of this action research study have developed a sense of confidence that I 
only hoped they would achieve. When they see word problems, the students approach the 
questions with an “I can do this” attitude, a priceless side-effect of this intervention. As my 
students move onto the next grade, I believe they will continue to tackle word problems with this 
positive mindset. The fear of not knowing where to begin in problem-solving seems to be 
overshadowed, now, by a willingness to try, ask questions, and be okay with failure. I am proud 
of the growth these students have made in tackling challenges and learning to meet difficult work 
with a “can do” approach. This intervention was more than just a strategy to try; it has shown me 
the power of challenging students and the success they can experience when they take ownership 
of their learning. 
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Appendix A 
Self and Peer Reflection Journal Rubric 
 
Self and Peer Reflection (Part 1) 
How well did our group persevere and practice GROWTH MINDSET today? 
4 
Expert 
Everyone stayed on task no matter how difficult it was to find the 
answer. We used our notes or asked questions when we were 
confused. We did not give up and were able to come to the correct 
answer. 
3 
Practitioner 
Most of the group was on task and participated. Most people used 
notes or asked questions when confused. The group was still able 
to find the answer because we did not give up. 
2 
Apprentice 
Half of the group was on task while others were not participating. 
Some students were trying their best but we ended up giving up or 
not getting the correct answer because we did not try our best.  
1 
Novice 
The team did not work well together. People were either doing the 
work by themselves or decided it was too hard and did not want to 
participate. The team did not listen to each other or communicate 
well. We gave up.  
 
 Me My Team 
Helping Others How did I help my team 
today? 
 
 
 
 
How did my team help me 
today? 
Hindering 
Others 
How did I hinder my team 
today? 
 
 
 
 
How did my  
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Appendix B 
Self and Peer Reflection Journal Questions  
 
Self and Peer Reflection (Part 2) 
1. What is the most important thing I learned today? 
 
2. What would I do differently is I were to approach the same problem again? 
 
 
3. What surprised me today about what I learned? 
 
4. Could I teach this problem-solving process to someone else easily? Why or 
why not? 
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Appendix C 
Grading Rubric 
 
4 Student solved correctly using an appropriate math strategy and shows 
work in solving.  
3 Student has an appropriate math strategy and showed work in solving. 
However, their answer is incorrect due to an error in calculation.  
2 Student showed evidence of trying but their strategy was incorrect 
and their answer was wrong. Or, student had a correct answer but no 
work was displayed to prove their thinking.  
1 Student did not make an attempt to solve and has either no answer or 
an incorrect answer.  
 
